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PREFACE 

This report was prepared by the University of Oklahoma Research Institute 
under U.  S. Army Transportation Research Command (USATRECOM) Contract DA 
Mi-177.AMC-8T(T).    The report contains the test results, conclusions, and 
recommendations for research conducted during the period June 10,  1963,  to 
February 29,  196h in the field of fiberglass-reinforced sandvich structure 
for aircraft use. 

The research program was directed by Dr. Gene M. Nordby, Dean of the 
College of Engineering at the University of Oklahoma. Mr. Joseph V. Noyes 
and Mr. W. C. Crisman were the principal research engineers. The research 
staff consisted of Mr. Donald Hanson, statistician; Mr. Terrell B. Warren, 
test engineer; Mr. Jim Morrison, machinist; and Mr. Cleon Reed, laboratory 
technician. 

The University of Oklahoma Research Institute expresses appreciation to 
the J.  P.  Stevens Company for a sample of l8l high tensile strength (HTS) 
finish fiberglass fabric, the laminate properties of which are tabulated 
in Table 19 of this report,  and to the Shell Chemical Company for their 
adv'ce and assistance pertaining to the use of EPON 828-Z resin. 
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SUMMARY 

The research covered in this report involves investigation of the effects 
of raw materials usage and fabrication process variables on the final 
strength properties of fiberglass-reinforced plastic (FRP) sandwich 
structure suitable for use as a primary airframe structural material. The 
program encompassed the two types of sandwich fabrication used industrially, 
the one-step process method and the method whereby pre-laminated facings 
are bonded to the core in a separate step. The materials chosen for study 
were the promising Volan A finished l8l fiberglass fabric and EPON 823 
epoxy resin activated by curing agent Z. Thin, 3-ply facings of these 
materials used in conjunction with honeycomb cores were the basic elements 
of the structural sandwich. 

In detail, the scope of the program included determining the effect of 
curing time, pressure, and temperature as well as lay-up method on the 
basic strength properties of the sandwich. Following the premise that 
the best bonded type sandwich would be the combination of the facings 
cured under the optimum conditions (as for the entire single-step type 
sandwich) and the optimum adhesive system and cure for a given core 
material, the facings and their bonding to the core were investigated 
separately. Advice from the literature and from the manufacturers of 
the constituent materials was considered carefully in establishing the 
levels of the fabrication process variables to be studied, to insure that 
data would be obtained within the optimum range. Where possible, standard 
test specifications were followed to assess the performance of the materials 
and processes. 

The results of the research program include the isolation of the optimum 
conditions of fabrication; the expected strength values for these optimum 
fabrication conditions; the best lay-up method; and the performance of 
several adhesive system-core material combinations with optimum con-
ditions of cure for each. Among the many by-products of the research 
effort is a multi-ply coating machine which is capable of impregnating 
several layers of fabric simultaneously. 
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COriCLUGIONG 

The ir. Jor conclucionn drawn from the resefirch :ire as follows: 

1. The initial resin content of the facings of sandwich material 
■aid the uniformity   aid extent of voids in the impregnntlon 
have   m  important effect on its final strength properties. 
This is especially true when the facings   ire thin.     The 
effect is  ;I1GO associated with the flow that takes  place 
during the resin cure cycle. 

2. The mechanical coating process produces more controllable 
and uniform resin impregnations of fiberglass fabric laminations 
than the hand squeegee method. 

3. For the vacuum blanket technique of applying pressure to EPON 
828-Z epoxy resin impregnations, 20 inches of mercury is a 
safe lower vacuum pressure to prevent resin bubbling within the 
I6O- to 200-degree Fahrenheit temperature range. 

k.     Room temperature B-staged lay-ups of 828Z-l8l Volan A laminations 
are more convenient to work with and can be expected,  in most 
cases,  to produce slightly higher strengths. 

5. Post-cure time between one and three hours at 300 degrees 
Fahrenheit, for the pre-cure and mold (cure) conditions 
investigated, does not have a major influence on the room 
temperature strength properties developed from resin cure. 

6. Within the levels of cure pressure, temperature,  and time 
examined in this project (10-70 psi,  160-230°^,  and 60-90 
minutes),  the optimum strength properties and their specific 
cure conditions are as given in Tables 2 and 3« 

7. For the 60-ininute cure time, within the range of post-cure 
times investigated (l to 3 hours), higher molding pressures 
and temperatures are required to develop strength properties 
comparable to those obtained for 90 minutes' cure during the 
mold phase of fabricaticn. 



8. A serious condition of resin starvation on the upper facing 
can be expected when the vet lay-up of the facings is used 
directly In the fabrication of candwlch by the single-step 
method.    This condition Is not nearly so severe when the 10- 
hour room temperature B-staged lay-up is used. 

9. Of the three adheslves studied, the Armstrong A-12 produces 
the strongest core-to-faclng bond on 20 percent phenolic- 
impregnated kraft paper honeycomb core; the EPON 828-Z epoxy 
resin and the Scotchweld AF-110B produce the strongest bond on 
20 percent phenolic-impregnated HRP fiberglass honeycomb core; 
and the AP-HOB produces the strongest bond on aluminum honeycomb 
core. 

10. The separately bonded-type sandwich material investigated can 
be expected to develop a maximum of 30 percent higher compreeslve 
strength than the single-step-type sandwich. 

11. The optimum conditions of fabrication for tensile and compressive 
properties are not the same; hence further testing is required 
to establish flexural optimum strength properties. 



RECOMMENDATIONS 

On the basis of the investigations made in this research program, it 
is recommended that: 

1. Further research be conducted to determine the effect of resin 
content on the final strength properties of FRP laminates, to 
include the effect of air voids in the pre-preg. 

2. The multi-ply coating machine be further developed to determine 
a means of minimizing or eliminating the occurrence of air voids 
in the pre-preg output. 

3- For FRP sandwich or laminates employing EPON 828 epoxy resin 
activated with curing agent Z and l8l Volan A finished fiber-
glass fabric, when fabricated within the envelope of conditions 
used in this project (cure time: 60-90 minutes; cure pressure: 
13-70 psi; cure temperature: l60-230°F; and post-cure tine at 
3009F: 1-3 hours), the following conditions be utilized to 
achieve optimum or peak values, as be the case, of the desired 
strength properties: l) pre-cure according to the scheme of 
dwelling to within 7 minutes of the gel point of the resin 
(Figure l) or, allowing one minute for heat-up to mold temperature, 
when she gel time is less than 7 minutes; 2) cure in the mold 
phase at 90 minutes according to the conditions of temperature 
and pressure given in Table 2 or 3; 3) and post-cure between 
1 and 3 hours at 300°F. Use of the B-staged method of lay-up 
is recommended when handling ease is a criterion. 

U. Armstrong A-12 adhesive be used to effect the core-to-facing 
bond of phenolic-impregnated kraft paper core to FRP facings 
of 828-Z epoxy resin and fiberglass fabric, that either EPON 
828-Z epoxy facing resin or Scotchweld AF-110B adhesive be used 
to effect this bond on phenolic imprecated fiberglass core, 
and that AF-110B be used for the bond on aluminum core. 

5- Research be done in the area of the single-step method of 
fabricating sandwich to minimize or eliminate the resin flow 
from the upper to the lower facing. Optimizing this method 
of sandwich fabrication is considered important in that for 
the molding of curved surfaces the inexpensiveness, simplicity, 
and speed of fabrication of the single-step method may far 
outweigh the increase in strength gained in the sometimes 
difficult prelaminating of the inner and outer facings required 
for the bonded sandwich. The investigation of techniques 
required to mold sandwich into compound curvatures should be 
included in this research effort. 

6. Flexural tests be performed to expand the results of this 
research program. 
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DISCUSSION 

INTRODUCTION 

A knowledge of the manner in which the strength properties of a material 
vary with changes in the basic fabrication process is necessary before 
it can be accepted as a primary structural element.    This is particularly 
true of fiberglass-reinforced plastic (FRP) materials because of the 
large number of fabrication process variables and the sensitivity of the 
material properties to each of these variables.    The goal of the research 
program presented in this report was to contribute to this body of knowledge 
in the realm of FRP sandwich materials for aircraft structural use. 

The principal materials used were hexagonal-ce^^  honeycomb core,  electrical 
(E) glass l8l-weave Volan A-finished fiberglas.      .brie, EPON 820 epoxy 
resin, and curing agent Z.  Limited data wer^      rtained for HTS finish l8l 
fiberglass fabric.^-   Consideration was given    o both the separately 
bonded and single-step fabricated thin facing sandwich.    A program was 
conducted to detect the relation between the curing cycle variables and 
the mechanical properties of FRP facing sandwich fabricated by the single- 
step process and of bare FRP facings pre-laminated for use in the separately 
bonded-type sandwich.    The program was carried out for the wet and the 
B-staged type of lay-up.    For the separately bonded-type sandwich,  an 
adhesive study was performed to indicate optimum bonding conditions for 
suitable adhesives and core materials.    All testing was done at room 
temperature. 

roOGRAM ANALYSIS AND DESIGN 

To study the relation between the resin curing cycle variables and final 
strength properties of the FRP materials,  and hopefully to locate the 
optimums, a rather large statistically designed experiment was planned 
for wet and B-staged lay-ups.    Though it was realized that no one area 
could be studied intensely because of the time and expense involved, 
valuable trends were expected to be established along with areas suitable 
for more detailed examination. Duplication or replication was not planned 
becuase experimental error is not usually uniform across a program of this 
magnitude.    The literature (reference l) indicates that higher order inter- 
actions are quite acceptable as approximations of experimental error 
necessary to perform an analysis of variance.    The exact lay-out of the 
program is displayed by Tables 5 and 12.    Each variable and the ranges 
to be examined were given careful consideration. 

First it should be mentioned that the total curing cycle associated with 
the production of FRP can be separated into three sub-cycles; pre-cure, 
mold,  and heat treatment,  often called afterbake or post-cure.    The pre-cure 
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period allowG time for the material to be brought up to the desired mold 
temperature.    The mold portion of the cure cycle serves to compact the 
material and to establish its shape.    Post-cure at an elevated temperature 
effects further cross-linking of the epoxy molecule thus to improve the 
mechanical properties. 

With these preliminaries in mind the variables can be discussed in detail. 
In reference 2,  an interaction was noted between pressure and temperature 
during the mold phase.    To minimize this, the usual pre-cure phase of 
just heat-up to mold temperature was modified at the low cure temperatures. 
Here the pre-cure used was the systematic procedure of heat-up to mold 
temperature plus dwell to within 7 minutes of gel point (determined by 
inspection).    At the higher temperatures where the gel time was less 
than 7 ir-'nutes,  one minute for heat-up was allowed. 

In setting the specific values of the molding variables,  effort was made 
to bracket those suggested by the manufacturer.     Thus,  l60,  l8o,  200,   and 
230 degrees Fahrenheit were the temperatures selected.    Initially for the 
single-step sandwich panels the recommended value of 90 minutes was 
accepted for the mold time;  however, as the program progressed and the 
laminate study began,   a second time value of 60 minutes was used also. 
The object was to obtain an indication of the optimum value, which was 
anticipated to give less interaction between the mold phase and the post- 
cure.    The molding pressures first chosen for the single-step panels were 
13 find 30 Psi, the usual vacuum blanket technique being used for the low 
pressure (in that this is common practice) and a gydraulic press for the 
high pressure.    Because of a resin vaporization problem encountered early 
in the single-step work,  the 13-psi pressure was changed to 10 psi.    All 
of the laminate fabrication was scheduled on the hydraulic press at three 
pressures--13,  30,  and 70 psi. 

For the post-cure phase,  only the time was permitted to vary.    At the 
recommended 300 degrees Fahrenheit, 2- and 3-hour periods were used for 
the single-step panels and 1, 2, and 3 hours for the laminates.    Thus 
the fabrication conditions,  at most,  encompassed 3 post-cure times at each 
of 3 cure pressures under each of k cure temperatures for 2 cure times in 
each case. 

It was believed that the best separately bonded type of sandwich could be 
obtained through separate optimization of the facings and the core-to-facing 
adhesive system.    To this end the facings were studied along with the 
single-step sandwich as previously outlined.    The adhesive program was 
designed to investigate the performance of three commercially available 
adhesives on paper,  fiberglass,  and aluminum honeycomb cores for an 
appropriate range of bonding conditions.    The three basic epoxlde adhesives 
to be used were:     3M Company's EC-1595,  a single-component thixotropic 
paste;  Armstrong Resin Company's A-12,  a two-component thixotropic paste; 
and 3M Ccmpany's AF-110B,   a B-staged supported film. 



Time and temperaturo were believed to be the critical core-to-facing bond 
variable::;   therefore, only the pressure deemed sufficient to hold the 
parts  In position and  insure full  contact was applied during the bond cure. 
For each adhesive,   the ranges of time and temperature were chosen so as 
to bracket the manufacturer's suggested values.    Table 20 serves  to display 
the adhesive program  in detail.     The bonding of paper core with AF-110B 
and EC-1595 was not scheduled because of the high temperatures  involved. 
The single-step sandwich core-to-facing bond strength data was  chosen to 
show the adhesive qualities of the basic  resin system. 

The performance of the materials fabricated according to these progmms 
would be determined by the strength properties developed by standard test 
specimens.     Should no standards be available,  a suitable specimen would 
be developed.     Edgewise compression along the paralleled core-ribbon and 
fabric-warp direction was the test planned for the evaluation of the 
single-step fabricated sandwich.    Six specimens for this test were desired 
from each panel.    Plate shear tests would also be conducted for each panel 
and three specimens were desired for both the perpendicular and parallel- 
to-core ribbon directions.    Both compression and tension parallel-to-warp 
were planned for the laminates.     Twenty-four specimens were desired from 
each of the three postcure time slices cut from each molding.     The flatwise 
tension test was scheduled for evaluation of the bonds with seven  specimens 
desired from each sandwich panel.     In conjunction with the  testing,   it was 
planned to monitor the resin content of each fabrication condition. 

FABRICATION PROCESSES 

As mentioned previously,  l8l Volan A finish fiberglass fabric was used 
exclusively in this research program.     Further,  only 3-ply facings of 
nominal thickness 0.030 were used.    The predominate core used was   "Aircomb" 
type 125-35-20 phenolic-impregnated paper of 3/^-inch thickness and 0.^2- 
inch cell size.    Any deviation from this core  is shown with the associated 
experimental data. 

The very promising structural res^n,   EPON 828 epoxy activated by curing 
agent Z was also used throughout the program.    The mixing ratio used was 
20 parts curing agent to 100 parts resin by weight.    To insure complete 
mixing of the high viscosity room temperature resin with the normally 
crystallized curing agent,  the resin was first heated to 120 degrees 
Fahrenheit and the curing agent to 150 degrees.    The materials were then 
quickly mixed and put to use.    Rapid and complete impregnation of the 
glass fabric was obtained,  and the rapid cooling of the resin applied 
over the wide expanse of the fabric permitted good quality room temperature 
B-staging. 



Bel'ore fabrication could be initiated, it was ne.'essary to establish the 
relation between temperature ;ind gel-point time for several degrees of 
room temperature B-staglng. This was done by inspection. Twelve-inch- 
square, 3-ply patches saturated with resin were placed on a heated press 
platen, covered with a felt insulation blanket, and probed periodically 
with a small wooden stick until the resin string pulled out would break 
at 2- or 3-inch lengths. For each temperature and state of B-staging, 
the time between heat application and resin string break was the desired 
time value. Figure 1 is a plot of the data thus obtained. 

Fabrication effort started with the single-step sandwich panels. The 
dimensions of the panels made at low pressure on the vacuum press were 
38 by 15 Inches, and the dimensions of the panels made on the hydraulic 
press were 28 by 22 inches. In the beginning, the fiberglass fabric was 
impregnated by a hand-operated coating machine which drew a continuous 
single ply of fabric through a resin vat and onto a take-up roll. As 
needed, the single ply of fabric was cut and removed from this roll and 
successively stacked on a l/32-inch-thick aluminum caul to obtain the 
desired facing thickness. The caul was then placed on the heated press 
platen set at cure temperature; a polyethylene film was stretched across 
the wet laminate; and for approximately 3 minutes, the excess resin was 
hand-squeegeed out of the wet laminate so that the appearance of a uniform 
distribution of resin was obtained. 

The caul was then removed fron the platen and set aside until another wet 
laminate could be prepared and squeegeed to provide the opposite facing 
of the sandwich panel. Upon completion of both wet facing lay-ups, they 
were either used directly or allowed to cool and B-stage at room temperature. 
When ready for use, the polyethylene cover film was stripped off of each, 
and one of the cauls with a laminate was inserted in the open press (vacuum 
or hydraulic^-) which was preset at the desired curing temperature. A pre- 
cut slice of "Aircomb" core material was then placed on top of this lower 
facing so that the core ribbon paralleled the fabric warp. The second caul 
and laminate were then inverted and placed on top of the core slice with 
the laminate against the core. The press was then closed and the pre- 
cure cycle timed from closure. The actual pre-cure duration used was 
the planned gel-point time minus 7 minutes further diminished by the 
time on the heated press platen during the squeegee operation. Upon 
completion of the pre-cure phase, the curing pressure was applied. Then 
after the completion of the mold phase, the panels were removed (cut in 
half if vacuum molded) and placed in an electrically heated air recircu- 
lating post-curing oven at 300 degrees Fahrenheit for the planned post-cure 
duratlcos. These panels or half panels were cut into the desired number 
of specimens which were then prepared for testing. 

1Press equipment is described in Appendix I. 
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It he: r.e  ■ pp rent  th- t the h nd uqueegec techiuque would not  produce 
p-.nclc oT uniform or predictable resin content      Also,   smll    ir pocketc 
which wore tr.ippcd between plies during stacking of the wet !'• brie  proved 
ver.- diri'icult to remove by h-ndworking.     Consequently,    t multi-ply co itin 
n chine was constructed which could cimult'ineously ir.pre^n te  n number of 
plies of fiucrgl.ac   fabric    nd perfum this  operation with      controll-ible 
nd reproducible resin content      The n ichine is described in Appendix I 

The  imprcgn- tions  produced on the mchine were  3-ply of l8ü-inch length 
■ nd ^U-inch width.     The .r. chine output,  whether wet or room temper-iture 
B-st.ged, was cut up   nd  pl.ced in cold  storage {';0F)  for later use    s 
needed--usu lly within 10 days      The ■•■ir voids  present in the h-md  ly -ups 
were   ilso present  in the machine pre-preg    but  to -. much  lesser degree. 

Fabrication of the  l;nimtes was begun  ■ fter the development  of the  coiting 
nr chine.    The moldinn, size used  for the  l-iminatos was 26 by 20  inches.    A 
pr-' cut p'tch of the uncured 1-r.inite  (in either the initi'lly wet  or B- 
st iged condition)  was remove I from the freezer unit and ■;llowod to warm 
up to rocm temperature (bout 2') to 30 minutes)  before the polyethylene 
cover films were removed.     It was then placed between two 'iluminum c iuls 
which had been coated with -i thinned solution of silicone p-irting   .gent 
(Dow-Corning DC-T).     Of course the silicone could not be used had bondine 
of the laminates to cores or test fixtures been anticipited (in this c:Ge 
Teflon c uls were used).     The ciuls with impregnate were then placed in the 
Hydraulic press ;jid the pre-core period timed from closure of the upper 
platen against the  sheets.    The pre-cure  --md mold ph ises parallel those 
discussed previously for the single-step panels.    After completion of the 
press ph'Se,  the cured laminate was removed and cut into three  equal pieces. 
Each of these pieces was placed in the post-curing oven simultaneously, 
-aid thin removed,   in order,   after the elapse of the specified  1-hour,  2- 
hour,  and 3-hour post-cure periods.    Each of the three strips was then cut 
into the desired number of tension and cempression specimens  and ground to 
final width and length dimensions. 

Fabrication of the sandwich panels for the adhesive system study was 
accomplished after the staff had considerable experience with the single- 
step sandwich and the laminates.     The facings used for the bonded sandwiches 
were 3-ply impregnations  laminated at 200 degrees F'ihrenheit  and '^0 psi 
for uO minutes with no post-cure      Their dimensions were 6.5 by 8.^  inches. 
The three cores were "Aircomb" type 125-35-20 phenolic-impregnated paper, 
HRP type GF-11 phenolic-impregnated fiberglass,   and 5052 aluminum alloy 
with the dimensions  listed in Table 20.     As previously discussed    the 
adhesives tested were EC-1595, A-12.   <and AF-110B. 

After the facings were produced, they were lightly sanded on the bonding 
side, degreased with Acetone and air dried in a 150-degree Fahrenheit 
recirculating air oven. The paste adhesive systems were then applied to 
the facings by a 3-inch-long notched-edge scraper (8 notches per inch at 
3/uU-inch depth) and the film supported adhesive, by cutting the desired 
size ;nd placing it on the facings. For each bonding run. a set of four 
sandwich specimens utilizing the s?ime core material and adhesive system 
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was placed on aluminum cauls and inserted in the press. Pressure was set 
at an equivalent 10 psi on each sandwich panel, and the bonding duration 
was timed from the closure of the press. Individual specimens were then 
removed from the press after the elapse of each of the four time periods 
(see Table 20). The panels were then cut into 1-inch-square specimens for 
the flatwise tension testing. 

TEST SPECIMEN PREPARATION 

The single-step fabricated sandwich was prepared for edgewise compression 
testing according to MIL-STD-UOIA. Test specimens were cut to U- by h-
inch nominal dimensions from the large sandwich panels. The cutting was 
performed by a high-speed abrasive circular saw so as to minimize tearing 
of the FRP facings and the core-to-facing bond. The loaded ends of the 
specimens were locally reinforced by potting them with polyester resin 
which had been filled with 30 percent by weight of high-strength molding 
plaster. The specimens were then fastened in the vise of a Cincinnati 
No. 2 tool grinding machine and the reinforced ends were ground flat and 
parallel with each other and 90 degrees to the plane of the facings. A 
No. 53 drill turning at 4800 rpm was used to drill gage-length holes in 
both facings of half the specimens tested from each fabrication condition. 
These holes served to mount and locate the gage points of the sandwich 
panel compressometer shown in Figure k. All edgewise compression specimens 
were loaded along the paralleled core-ribbon and facing-warp direction. 

Single-step sandwich plate shear specimens were cut to the 2-inch by 6-
inch nominal size according to MIL-STD-1+01A. Specimens were cut from 
each panel fabricated in both the perpendicular and parallel to core 
ribbon direction. The 5/8-inch-thick steel plates were bonded to each 
facing of the specimens for the plate shear test. The plates were 
prepared for bonding by being thoroughly stripped of any prior glue film, 
then washed and lightly sandblasted in the bonding area: Care was taken 
not to touch the sandblasted area prior to glue application. EPON 6 was 
the adhesive used and was applied with a notched scraper. The shear speci-
men was positioned between the plates such that the line of action of the 
test load would pass through diagonally opposite corners. The plates and 
specimens were then placed in a 175-degree Fahrenheit oven for 2 hours to 
cure the adhesive fully. The bonded plates and specimen were then removed 
from the oven, cooled, and placed in the loading grips for testing as 
shown in Figure J. 

The facine;-to-core bond test specimens (whether the basic resin or a 
separate adhesive effected the bond) were also prepared according to MTT,-
STD-U01A. Specimens of dimensions 1 by 1 inch were cut from each panel 
fabricated and tested in flatwise tension. The facing surfaces of the 
specimens were lightly sanded and degreased with acetone. The specimens 
were then bonded to 1-inch-square aluminum blocks with EPON 6 adhesive, 
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the curf-ice of the blocke boln^ preprircu  Tor bondlnß  in the sar.e rr. nner 
ns the she'ix plates.     The bonding cure vnc   r.lco carried out identic   Ily. 
Figure  lU  chows the bonded block:;  'aid specimen inst'dled  in the testing 
machine. 

Because of the small thickness  of the FKP  l.'iininates tested  in  this  pro- 
gram it was necessary to design   i  special thin-sheet-type compression 
fixture  (Figure 9)  ^nd to size the compression specimens  precisely to 
fit this  fixture.     The sizing of the tension speciemns was  not  quite so 
critical,  but  a certain -imount  of experimentation was  still required to 
produce consistent test results  in spite of the characteristically brittle 
nature of the laminated material. 

The thin compression specimens were originally m ichined as  shown by A in 
Figure 2.     Invariably this configuration fractured in a region close to 
where the faired radii met the straight reduced section,  thus making 
accurate measurement  of the failed cross-section area virtually  impossible. 
Considering the relative brittle nature of the material which precludes 
the relief of stress concentration,  the occurrence of this behavior is 
not altogether surprising.    Straight-sided specimens were therefore 
produced which failed at the various  locations shown in B,  C,   and D of 
Figure 2,   all within the test fixture supported length of the specimen. 
Thus,  accurate measurements of the cross section area could be made 
regardless of where the specimen fractured.     The exact dimensions of the 
final configuration were 0.T5 x 3-675 Inches  for the ultimate stress test 
find 1.0 x  3-675  inches  for the modulus test.    The specimens were cut with 
a large sheet-metal shear and dressed to the desired dimensions  on the 
previously mentioned grinder. 

As shown in Figure  3,   the thin tension specimens were originally shaped 
as for sheet metals.     Similar to the behavior of the above-mentioned 
compression specimen,   the shaped tension specimens failed at the point of 
tangency of the fairing radii.     Efforts to alleviate the problem by 
reducing the area reduction ratio as  at B and C of Figure  3 proved to be 
fruitless.    Finally,  the configuration D was  arrived at as producing 
consistent breakage results.    This was accomplished by grinding the speci- 
mens straight sided and very slightly inf luencins the center of the speci- 
men with a 0.007-Inch notch on each side as  shown by the pointers  In D of 
Figure  3-    This  influence precluded the occurrence of specimen failure 
in the testing grips  and also forced fracture of the specimen Inside the 
gage length of the strain extensometer.     The notching was done by a ^inch- 
diameter,  high-speed carbide router find was controlled to within + 0.0005 
inch between specimens.    Ultimate stress  and modulus values were thus 
calculated based on the width of the slightly reduced section,  which was 
measured on each specimen with a tapered-anvil micrometer.     The final 
dimensions established for the specimens were 0.75 and 9 inches.    The ten- 
sion specimens were cut and ground to size  as were the compression specimens 
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A B C      D 

Figure  3-     Lfurdnate Tensile Test Gpecimens:     A,B,C,   various 
shaped specimens Initially evaluated in the tensile testing 
program;  D,   straight-sided  specimen with 0.007-inch side 
influences  (see pointers) which was used throughout the 
test program. 
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EXPnPIMKNTAL PROCEDURE 

The procedures used during the testing phase of the resoaich progr. ir. can 
best be presented under the four headings  of resin content,  single-step 
sandwich,  b<-irc Imiinates,   and core-to-facing bond. 

1.     Resin Content 

Though not of major concern during this research progr ;ir.,   the 
resin content of the  laminated fncings  for each fabrication 
condition was considered important.     Samplings were made of 
both the bare laminates  .-tnd the facings  of the single-step 
sandwich.    The ratio of the resin to the total weight of the 
specimen expressed  in percent was the measurement used.     For 
the case of the single-step sandwich facings this wac modi lied 
as follows: 

For resin content measurement a 2-inch square was cut from c.tch 
of the ^-inch-square single-step sandwich specimens tested to 
failure as pictured In Figure 6.    The facings were stripped 
from the cores of these small squares and the excess core 
remnants removed with a sharp knife.    Each facing we" then 
measured to the nearest 0.01 inch and weighed to the ne-'ircst 
0.01 gram.    The weight  of the glass  in the measured area, 
calculated from density,  was subtracted from the total weight  of 
the facing sample and the result divided by the total weight to 
obtain a resin content Index.    The term Index  is used because of 
the inaccuracy produced by the loss  of resin that adhered to 
the end of the core.     The values of each set  of specimens 
were averaged to obtain the resin content  index  for each 
fabrication condition. 

The resin content  (RC)  of the bare laminates under each fabrication 
condition was obtained using the following formula: 

RC = (W -  3 d w L) x 100 
W 

where 

W Is the average specimen weight 
d is the fabric density accurately' determined by measurement 
w Is the average specimen width 
L is the average specimen length 

The specimen weight (w) was obtained by weighing the entire group 
of specimens  (to 0.01 gram)  for each fabrication condition and 
dividing by the number of specimens.     Average specircen length 
and width measurements were obtained by measurement of a random 
sampling of each group of specimens with a call per. 
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olngle-Step G.mdvlch 

Edgewise compreccion ultimate ctrength and modulus were taken 
as  the critoriri for evalu ition of the single-step fabricated 
candwich natcri,!!      The specimens cut to n nominnl h~ by U-inch 
dimension were Mccuratel./ ne.'isured to within 0.01 inch before 
testing.    For the c-lcul.tion of stress  .-irea the lengths  (a) 
of the two leaded edges were   .veraged.     Likewise,  the specimen 
gngc  length used  in the conputatlon of strain was the average 
for both facings.     The facing thicknesses  (t)  were taken as 
three times  the average fabric thickness  (O.Ol)  and the stress 
area (A) calculated by A = 2 a t. 

The test procedure  followed closely that recemmended in MIL- 
GTD-^01A.    The tests were made on a Tinlus-Olsen testing machine 
of the balance-beam type having a capacity of 200 kips.     Load 
was continuously applied to failure at a cross-head speed of 
0.033 inch per minute.     The beam was kept in balance by the 
operator who called out the load at selected  intervals previously 
determined by the anticipated maximum load.     The load registered 
at the instant the beam dropped was taken as  the ultimate load, 
and the ultimate stress was then computed by dividing this  load 
by the previously determined area. 

The following particulars are significant in the test set-up. 
Mi 11-faced loading blocks were made and secured to the upper 
and lower loading platforms of the testing machine-    To insure 
uniform distribution of the load across the edge of the specimen, 
the loading platforms were brought close together and the space 
between them checked with feeler gages and adjusted with shims 
until the faces were parallel throughout their surface areas 
Clamped loaded-edge condition was provided by means of a pair of 
accurately machined steel wedges at each  loaded edge.    The 
operator adjusted the wedges with reference to guide lines 
etched into the  loading blocks (Figure U) to center the specimen 
and to place the loaded axis perpendicular to the face of the 
blocks. 

Gtress-strain monitoring was done with a compressometer specially 
designed for this purpose (Figure h).     The compressometer cali- 
bration is discussed in detail in Appendix I.     Readings were 
token from Baldwin SR-U  strain gage reader console at the 
increments of load called out by the machine operator and later 
converted to strain by dividing by the compressometer constant. 
Gtress-strain data were taken on one-half of the specimens tested. 

Figure 6 illustrates the two basic failure modes encountered in 
these tests.    The specimen on the left shows a clean fracture of 
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S „ , AÂ  •% 4Sfc ,-$fe • 
... *#»•• "ife «b 4far'" -.Sa>v 
Wv, 



the facing occurring on o^e or both sideLs oi' the p ■nel.    The 
typic il rupture p'th was  along the cell walle rather th.in  across 
the cell openings.    The specimen on the right shovs  a partial 
rupture of the facing accomp-mied by core-to-facing bond separn- 
tion--portion of facing. 

Plate shear tests were also performed for the single-step 
sruidwlch panels.    The sandwich modulus was the only property 
reported  in that in the majority of cases the specimen broke 
free from the steel plates  (Figure 7) before the ultimate 
strength of the sandwich was reached.    The formulas given  in 
MIL-STD-UOIA were used for computation of the moduli. 

The nominally sized 2- by 6-inch test specimens were carefully 
measured to the nearest 0,01 inch with a steel scale.     The 
thickness was measured with a micrometer. 

The MIL-STD-UOIA test procedure was followed.    An Ames dial 
indicator graduated in ten thousandths was attached to one of 
the steel plates of the test fixture so that the plunger was 
brought into perpendicular contact with an anvil mounted on the 
other steel plate (Figure 8).     Readings taken from the dial 
gave a true measure of the relative motion of the two facings of 
the panel.    The specimens were preloaded twice to 20 percent 
of their ultimate load to eliminate the initial and secondary 
moduli.     The dial indicator was then set at zero while a load 
of 200 pounds was held momentarily on the specimen. 

Part of the specimens were tested on a Model TEG Baldwin testing 
machine of capacity 100,000 pounds said cross-head speed of 0.050 
inch per minute.    On this machine one operator monitored the 
dial indicator and recorded the readings corresponding to the 
increments of  load called out by the machine operator. 

The remainder  of the specimens was tested on an Instron testing 
machine model TTC Ml-6 with  a capacity of 10,000 pounds.     The 
same test  fixtures,  preliminary  loading technique,   and loading 
speed were used as before.     This machine was equipped with an 
X-Y chart recorder and was  operated by one man.    The curve 
plotted by the recorder was  load versus cross-head movement,  and 
a specific  load could be marked or blipped by pressing a button 
on the machine console.    Hence one man could mark the  load  and 
read thr- dial gage at the same time.     Readings were taken at 
every 0.0010 inch of deformation. 

Failure usually occurred at the facing-to-core bond when the 
specimen-to-steel plate bond strength was sufficient to allow 
development of the sandwich ultimate strength.    In rare cases, 
failure was due to a catastrophic rupture of 1he core-cell walls. 
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Figure 7.     Test Set-Up for Sandwich Plate Shear Test 
Showing Specimen Installation. 
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Figure 8.     Test Get-Up for Plate Shear Test of Candwlch 
Shear Modulus Showing Test Specimen and Dial Gauge 
Arrangement for Measuring Deformation. 

P2 



Bare Laminates 

To perform the laminate compression tests, it was necessary to 
design a fixture to prevent buckling of the thin specimens. An 
excellent design was achieved possessing the following features: 
firm support of the specimens against buckling with freedom 
enough to permit uniform distribution of load throughout its 
length, jaw shape to permit compressometer installation for 
strain measurement, and quick loading and releasing action to 
accommodate large volume testing. Figures 9 and 10 show these 
essential details. 

After grinding, the nominally sized compression and tension 
specimens were measured by a random sampling of the entire group 
fabricated under the same conditions. Length and width measure-
ments were taken with a caliper calibrated in thousandths of an 
inch. Thickness measurements were made for each individual 
specimen (after testing) one-half inch on either side of the 
rupture, and the two readings averaged for use in the calculation 
of the failure cross-section area. 

The test fixture was essentially a jig with two slotted jaws 
clamped about the specimen by the action of two cams. Horizontal 
slots l/8 inch wide were cut into the jaws with l/8-inch spacing 
between the slots; yet preliminary testing indicated the existence 
of an appreciable amount of friction between the jaws and the 
laminate. This indicated the need for a lubricant. Finely ground 
molybdenum disulphide prepared under the trade name of Molykote Z 
was found to be the best product for this purpose. Lubricant was 
applied by dipping each specimen into a container of Molykote ana 
then rubbing the laminate by hand until uniformly coated. The 
specimen was then inserted between the fixture jaws, and the cams 
were turned down "finger tight". This developed a frictional 
force between the laminate and the jaws of about 5 pounds which 
was considered negligible. 

The previously described Baldwin testing machine was also used 
for the laminate tests. The fixture with the test specimen 
installed was placed on the milled surface of the testing machine 
with the top of the specimen fitted into a tapered slot in the 
upper loading head. The specimen was then vertically aligned, 
and a wedge was inserted into the upper slot to provide a fixed-
end condition during loading. The load was applied at the rate 
of 0.050 inch per minute to failure, and the stress was computed 
using the ultimate load. B, C, D, and E in Figure 2 typify the 
failures that occurred. 

One fourth of the compression specimens in each group were tested 
for modulus. A Baldwin-Weidemann B-3M extensometer (Figure 11) 
was used as a compressometer to record load-deformation data. 
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Figure 9- Thin-Laminate Compression Fixture Shoving 
Quick-Release Cams. 
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Figure 11. Test Set-Up for CompreEsion Test of Thin 
Laminates Showing the Specimen and the Compressometer 
Installation. Pointer A identifies the wedge grip 
securing the specimen in a fixed-end condition during 
loading. 
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The knife edges on the extensometer were placed in contact with 
the edges of the modulus specimen that extended l/8 inch beyond 
either side of the fixture—l/8 inch was the minimum required 
to clear the fixture. Thus with the deformation of the specimen 
controlling the chart speed of the X-Y recorder, and the load 
indicator of the testing machine controlling the recorder pen, 
a graph of load versus deformation was produced. Only a portion 
of the curve was obtained in that the instrument was removed at 
75 percent load to prevent damage. The modulus was computed 
from the slope of this graph and the appropriate constants. 

The tension ultimate strength and modulus for the laminates were 
obtained on the same Baldwin machine. The test coupons were 
placed in Templin grips with self-adjusting jaws (Figure 12), 
and the grips were attached to the loading heads with bolts 
resting on cylindrical seats to assure true alignment. The 
same extensometer used in the compression tests was clamped to 
the edges of the specimen with the knife edges being equidistant 
from the specimen notches. Again the load was only carried to 
75 percent of ultimate and the load-deformation graph was used 
to obtain the modulus. D in Figure 3 shews the type of failure 
experienced. 

Core-to-Facing Bond 

Core-to-facing bond strength was obtained by testing 1- by 1-inch 
specimens of the sandwich in flatwise tension. The specimens 
were cut to size to within 0.01 inch so that the ultimate load 
vas taken directly as the ultimate stress. The procedure outlined 
in MTL-STD-UOIA was followed in these tests. The bonded aluminum 
blocks and specimen were placed in the Instron testing machine 
as shown In Figure lU. The load was applied at the rate of 0.050 
inch per minute to failure. Values were not recorded unless 
the desired core-to*facing bond failure occurred. 
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FiL:ure IP.    Tent Get-Up for Tcncion Tent of Thin 
Loninntcc Ghowinc the Cpecimcn Pocitioned in the Templin 
Gripr,. The pointerc identify the influenced center 
section of the cpecimcn. 
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Figure 13. Test Set-Up for Tension Test of Thin Laminates 
Shoving the Specimen raid the Baldvin-Wiedemann Extensometer 
Installation. 
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Figure 1*». Test Set-Up for Flatwise Tension Test of 
Core-to-Facing Bond Strength, 
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EXPERIMENTAL RESULTS 

The test results are tabulated in Tables 5 through 22 located in Appendi 
II. The calculated data and plotted data used in the evaluation of the 
results are also presented in this section. 

TABLE 1 

PLATE SHEAR MODULI 

Direction 
of Loading 

Average Sandwich 
Shear Modulus, psi 

Core Shear 
Modulus, psi* 

Perpendicular 
to core ribbon 9,500 10,200 

Parallel to 
core ribbon 23,900 -

*As published by Douglas Aircraft Ccapany, Inc. 
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TABLE 2 
SINGLE-STEP SANDWICH 

OPTIMUM STRENGTH PROPERTIES 

Opt inum Strength 
Lay-Up Molding Value (psi) 

Wet I6O°F 32,4001 
30 psi 

10-hr. B-stage I6O°F 3^,300 
30 psi 

Data missing; this data (at 200°F) used in approximation. 

TABLE 3 
BARE LAMINATE 

OPTIMUM STRENGTH PROPERTIES 

Strength 
Property 

Optimum 
Molding 

Strength 
Value 

Strength 
Property 60 min.2 90 min.3 60 rain, ,2 90 min.3 

Compressive 
Ultimate 

- I6O°F 
30 psi 

- hk.k 

lBo"? 
30 psi 

l&O^F 
13 psi 

42.7 3̂.3̂  
Compressive 
Modulus 

• 230° F 
70 psi 

- 4.17 

230°F 
70 psi 

23O0F 
70 psi 

3.75 3.91 
Tensile 
Ultimate 

• 230«>F 
30 psi 

- 5̂ .7 

230"F 
70 psi 

200°F 
70 psi 

57.7 50.9 
Tensile 
Modulus 

• 230WF 
13 PSi 

- 2.7k 

230"F 
70 psi 

200°F 
70 psi 

2.68 2.79 

1 c. 
Stress in psi x 10 J and modulus in psi x 10" . Upper value is for wet 
lay-up and lower for 10-hr. B-staged lay-up. 
T̂wo hour post-cure data. 
JData averaged over post-cure times. 
*Data missing, this data (at 200*$') used in approximation. 
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Figure 16. The Effect of Molding Conditions on the 
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Fabricated Sandwich Using the Wet Lay-Up Directly 
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- 1 ^ j o 

Lay-up 
Method 

Avg. Value 
Taken 
Over 

Avg. Bond 
Strengtl • 
(psi) 

Avg. Comp. 
Ult. Stresr. 
(psi) 

Avg. Comp. 
Modulus 
(psi) 

Wet 
Wet 

10 psi 
30 t>si 

290 
350 

27,100 
28,600 

3.09 
3.09 

Wet All 300 2Y,Y00 3.09 x 10° 

10-hr. B-staged 
10-hr. B-staged 

10 psi 
30 psi 

1+20 
500 30,100 

3.10 
3.36 

10-hr. 3-staged All 1+60 *9,700 3.23 - iou 

3), 

32 

30 

23 

26 

2U 

22 

20 

Legend 

O 
• 

Wet Lay-up 
10 hr. B-staged 

100 200 300 U00 500 600 700 800 900 

Core-to-Facing Bond Strength in psi 

Figure 17. Single-Step Fabricated Sandwich Strength Relationships. 
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EVALUATION 

Glncle-Step Sandwich 

Laboratory experience showed that the quantity of resin imprognntcd 
into the three ply facings during the lny-up phanc of fabrication was 
rather difficult to control by tv.e hand squeegee method;   and for this 
re.-'son n  semiautomatic coating machine was developed.     The single-step 
fabricated sandwich test rcsul-s exhibit the variations  present between 
the hand and the machine methods of impregn-iting thin Tunings,    For 
example,   at 200°? fold  '$0 psi  in the wet lay-up,  the fin-l resin content, 
as well as the corresponding compressive strength, was  large in corp-Tison 
to the other values in the experiment.    These larger initial resin content 
specimens--or more precisely stated,  the nonuniformity of the initi  1 
resin content of the facings--would,  no doubt,  tend to obscure or prevent 
detection of the effect of the fabrication variables on the fin-l strength; 
hence as many panels as time would permit were replicated. 

In the ense of the wet lay-up,  the statistical analysis  showed      signif- 
icant mold temperature and pressure main effect on the ultimate compres- 
sive strength of the sandwich with a high interaction.     This is to sny 
that both the temperature by Itself and the pressure by itself braucht 
cjbout a change in the sandwich edgewise compressive strength,  ana the 
functional relationships were not the same   t each level of the variable 
held constant.    The interaction is mainly   »ttributed to experimentell 
error--to the aforementioned nonuniform initial resin content of the 
facings.    These trends are presented graphically in Figure 16 by 'verrg- 
ing together under each pressure the values for the replication and the 
values for the   ;hree post-cure times — since the statisticr 1    nnlysis 
indicated that the post-cure time,    -"thin the area investigated, hnd no 
significance.     The extreme values  previously discursed were excluded 
which resulted in the disappearance cf the interaction .as well ■ s the 
temperature main effect. 

In the case of th   B-staged lay-up,   the statistical analysis showed onl 
c. mold temperature main effect on the sandwich compressive strength. 
V/hen the data were averaged over the repH^-'te and the post-cur«? times 
as before,   a pressure effect was  shown tc be present still (Figure  10). 

Analysis  of the modulus data,  both the wet and the B-staged  lay-up, 
revealed no significant variation.     This was  further confirmed by : vcra^- 
ing the data for the replicate   Jid the two post-cure times   in e-ch case 
and then plotting triordinate graphs of modulus versus mold  tamper.-'ture 
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and pressure.    The surfaces  formed were eGcentiully planes parnllel to 
the temperature-pressure coordin;itc plane. 

For the core-to-f-icing bond d.-'tn,  statistical analysis detected no 
effect of the fabrication variables on the bond strength due to a very 
high third-order interaction between the variables.     Since higher order 
interactions seldom exist in nature,  it is in this case attributed to 
experimental error.    The cause of this error has not been Isolated at the 
writing of this report.    The facing bond strength can be expected to follow 
the conpressive ultimate strength of the sandwich;   and therefore in spite 
of the scatter in the data,  effort was made to establish this trend. 
Since the compressive strength was found to be sensitive to mold pressure, 
the entirety of the bond data was averaged under the two pressures, for 
both the wet and the B-staged  lay-ups,  and plotted against the correspond- 
ing averages of the ultimate cempressive stress      Figure 17 shows the 
relationship does exist;  and thus it can be asserted that optimum compres- 
sive strength means optimum bond strength with the process variables 
important in establishing compressive strength also being important in 
establishing bond strength.    Table 2 gives the optimum compressive 
strengths.    The trend curves  (Figure 16) were used to locate the optimums 
which were then calculated by averaging over the post-cure  times and 
replicate for each condition. 

Figure 17 is very revealing in another respect as shown by the table 
included as part of the graph.    Not only was the B-staged lay-up easier 
to handle and work with in the la' oratory, but the mechanical properties 
were high in every case.    The superiority of the B-staged lay-up is 
further substantiated by the actual appearance of the sandwich.    Figures 
l8 and 19 show the serious resin starving of the upper face and the 
resin richening of the lower face produced when the wet lay-up was used 
directly as compared to the more balanced condition produced when the 
B-staged lay-up was used. 

An interesting comparison is uade in Figure 21 between the three resin 
conditions encountered in the research.    The two specimens on the left 
have just been discussed.    The third specimen shown reveals an important 
limitation to the vacuum blanket technique of developing mold pressure; 
i.e., resin vaporization.    Efforts to use high vacuum molding of the 
single-step sandwich were thwarted by this condition.    Figure 20 gives 
a close-up view of the hardened resin bubbles produced on the inner 
side of the sandwich facings.    Laboratory experience indicates 20 inches 
of mercury to "be the safe lower vacuum limit to prevent this phenomenon. 
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The shcnr modulus of the sandwich was expected to be near in value to 
that of the core 'ind for this ronson was monitored as an index of the 
core condition after experiencing the conditions of sandwich fabrication. 
The plate shear data shewed only one anomaly,   two low values arising 
from mislnbeling of the specimens,  and the averages compared favorably 
with the manufacturer's published core data,  as shown in Table 1. 

Bcre Laminates 

Preliminary examination of the experimental data for the 60- and 90- 
minute cure times in the mold phase of fabrication showed that at the 
60-mlnute time there were great differences in the data in comparison 
to those present at the 90-mimxte time (only B-staged data are available 
for the 60-minute time).    However, within the 1- to 3-hour post-cure 
times the differences did not indicate a pronounced post-cure trend. 
Hence, to expedite the data analysis the central value of 2 hours was 
chosen and the 60-mlnute data were plotted on triordinate graphs, with 
pressure and temperature as coordinates (Figures 22 through 25) in order 
to detect trends and locate peak values.    From the graphs it can be 
seen that in every case but one, the ultimate compressive strength, 
there is an increase in strength with temperature and pressure, the 
temperature main effect being the strongest.    The ultimate compressive 
strength actually shoved a maximum value.    This value and the peak values 
for the other properties are tabulated in Table 3.    The trends for the 
90-inlnute cure time were much more subtle; therefore,  statistical analysis 
was employed here as initially planned. 

As mentioned in the description of the design of the program,  one 
reason why the 60-minute mold time was included in the bare laminate 
study was to obtain an indication of the time required to complete resin 
cure during the mold phase, as this time was apparently used in reference 
2 to uncouple the mold and the post-cure phases so that they could be 
examined separately.    ThuB, it was anticipated that the near-completion 
time of the cure in the mold phase would permit clearer detection of a 
post-cure influence on strength,  should it be significant.    The consist- 
ently lower values of resin content in the case of the 90-minute mold 
time was taken as an indication that this time was closer to the desired 
value; however, the expected results did not follow. 

The statistical analysis showed a significant post-cure main effect 
for one strength property, compression modulus in the wet lay-up.    Poat- 
cure time was found in Interaction with the mold variables for two 
properties:    compressive ultimate strength for the wet and the B-staged 
lay-ups.    In the light of these findings it is difficult to positively 
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assert that there is no post-cure ol'fect though Its presence is only 
slightly detected in comparison to the effects of the mold variables 
cure temperature nnd r)re:;sure (Appendix III).    Apparently there is some 
post-cure effoct on the room temperature measured strength properties 
of the laminate, but it is obscured by the coupling still prer^nt between 
the mold and the post-cure phases of the cure c.yclo or possibly by 
experimental error.    Hence,   a post-cure of 1,  2,  or 3 hours would be 
acceptable within the rruigo of conditions investigated in this program. 

The results of the statistical analysis of the laminate data arc given 
by the statistical summary tables in Appendix III      Figures 26 and 27 
;ire plots of the data for each laminate showing the trends observed. 
The curves were established by averaging the post-cure data and the data 
for the mold variable being held constant. 

With the exception of the tensile ultimate strength for the wet lay-up, 
the mold variables temperature and pressure are seen to have very little 
influence on the laminate ultimate strength in tension or compreesion 
for the reuige of the conditions of fabrication investigated at the 
90-minute cure time.    The trend curves do show that the cure of the resin 
affects the compression modulus slightly more than the tension modulus 
as evidenced by the somewhat steeper curves. 

Even though the variations are small, the optimum fabrication conditions 
were obtained from the trend curves and then the corresponding strength 
properties were calculated from the actual data by averaging over the 
post-cure times in each case.    Table 3 contains these data.    This compila- 
tion of data shows that trie optimum condition for compressive properties 
is not necessarily the optimum for tensile properties.    Should a balance 
of these properties be desired,  as in the case of flexural strength, 
further testing would be required.    For the 90-niinute cure time the B- 
staged lay-up is seen to have no consistent strength advantage.    The 
60-minutc cure time, at the 2-hour post-cure,  gave slightly lower strength 
properties than did the 90-niinute cure. 

Near the end of the work program,  advantage was taken o" the opportunity 
to obtain data on 3-ply laminates of S99^-glass HTS-finished l8l fiber- 
glass fabric.    These data are tabulated in Table 19.    The tensile strength 
is seen to be approximately double that for the Volan A finished fabric 
with the modulus only slightly higher.    The tensile specimens were noticed 
to fail in an unusual manner.    Instead of failing across the influenced 
section,  the laminate failed by splintering in the length direction, the 
length of the splinters extending over the entire exposed portion of the 
test coupon. 
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Core-to-F-iclng Bond 

The results of the flntwise tension tests were plotted on triordinnto 
grnphs rmd the :iver."ge surfncec dr-ivn in order thr.t  trends could e.-sily 
be seen and pe;ik values locnted. These plots are contained in Figures 
28 and ?9- Though in most cases the exact optimum values were on the 
edge or slightly off the surface, the gradient of the surfaces in this 
area is challow enough for the peak values found within the experimental 
region to be good estimates of the actual optimum values.  The experi- 
mental peak values are summarized in Table h. 

The experimental data indicates that the A-12 adhesive gave better results 
in core-to-facing bond when used with paper core than when uced with 
fiberglass core or aluminum core. The EC-1^95 adhesive gave better results 
with aluminum coie when compared with HRP core. AF-110B adhesive gave 
the best results when used with aluminum core when compared with fiber- 
glass core. The latter was by inferrence, however, since the aluminum 
core-to-facing bond had not failed when the core foil failed at approxi- 
mately the same stress as the fiberglass core-to-facing bond.  This occurred 
in spite of the fact that there was a lesser bonding firea on the aluminum 
core because of the larger cell size used in this series of tests.  The 
basic resin system, 828-Z, functioned best as an adhesive on fiberglass 
core than on paper core. 

These data can be summarized from another point of view. Within the 
limits of these tests, it appears that: 

1. A-12 adhesive will give the strongest bond on paper core. 

2. AF-110B adhesive and the facing resin 828-Z will give the best 
results on the HRP core; and 

3. EC-1595 adhesive, the best results on the aluminum core. 

Summary 

Comparison of the influence of resin cure on the single-step sandwich 
and on the bare laminate compression strength shows the laminate strength 
to be about 30 percent higher. No doubt, the reduction in strength for 
the single-step sandwich is influenced by the nonuniform application of 
pressure on the facing by the ends of core during the mold phase of 
fabrication when the lamination of the facings is effected. The proper- 
ties were more sensitive to fabrication than the single-step sandwich. 
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oGpecinJly in view of the fewer number of specimenc uced in the single- 
atep s-mciwich progr-nn. 

T.-.bler, 21 und 22  chow the dntn recorded for the cold storage of the 
resin 1.-pregn^ted fbric.  Ac the tnble shows, the mnxirium time between 
impregn-'tion and use of • ny one l^y-up was 12 days.  Though the detail 
effect of the cold stor-^e time is obscured in the experiment, it can 
be stated that the effect of low-time cold storage (^J

0
?) of 828 Z-l8l 

Volan A lay-ups is not pronounced. 

The major conclusions drawn from the research are as follows: 

1. The Initial resin content of the facings of sandwich material 
and the uniformity and extent of voids in the impregnation have 
an important effect on its final strength properties. This is 
especially true when the facings are thin.  The effect is also 
associated with the flow that takes place during the resin cure 
cycle. 

2. The mechanical coating process produces more controllable and 
uniform resin impregnations of fiberglass fabric laminations 
than the hand squeegee method. 

3. For the vacuum blanket technique of applying pressure to EPON 
828-Z epoxy resin impregnations, 20 inches of mercury is a safe 
lower cacuum pressure to prevent resin's bubbling within the 
I60- to 200-degree Fahrenheit temperature range. 

h.     Room temperature B-staged lay-ups of 828z-l8l Volan A laminations 
are more convenient to work with and can be expected, in most 
cases, to produce slightly higher strengths. 

5. Post-cure time between 1 and 3 hours at 3^0 degrees Fahrenheit, 
for the pre-cure and mold (cure) conditions investigated, does 
not have a major influence on the strength properties developed 
from resin cure. 

6. Within the levels of cure pressure, temperature, and time examined 
in this project (10-70 psi, l6ü-?30oF, and 60-90 minutes), the 
optimum strength properties and their specific cure conditions 
are .as given in Tables 2 and 3 

7  For the 60-minute cure time, within the range of post-cure times 
investigated (L to j hours), higher molding pressures and 
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temperntures re required to develop strength properties cor.p; r-.ble 
to those obtained for 90-rr.inutc cure during the mold ph-'Se of 
f.-'briction 

Ö.  A serious condition of resin stnrv-'-tiun on the upper f.-icing en 
be expected vhen the wet lay-up of the facings is used direct],/ 
in the fabrication of sr;ndwich by the single-step method  This 
condition is not nearly so severe when the 10-hour room temper-.ture 
B-staged l:.y-up is used. 

9-  Of the three dhesives studied, the Armstrong A-12 produces the 
strongest core-to-facing bond on 20  percent phenolic-irr.pregn' ted 
kraft paper honeycomb core; the EPOII 828-Z epo;;y resin and the 
Scotchweld AF-100B produce the strongest bond un ?'J percent phono] ic 
impregnated HRP fiberglass honeycomb core; raid  the AF-llOB produces 
the strongest bond on aliuninuni honeycomb core. 

10. The bonded-type sandwich material investigated can be expected 
to develop a maximum of 30 percent higher compressive strength 
than the single-step-type sandwich 

11. The optimum conditions of fabrication for tensile ■ nd compressive 
properties are not the same; hence, further testing is required 
to establish flexural optimum strength properties 
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APPENDIX  I 

FABRICATION AND TEST E.^JIFMENT 

Laminating Presses 

Two l.'iininating presses were used in this r-se.'irch program:  r; 38- by 
Ph-inch  platen vacuum press (Figure 3'^) ;;nd a 22- by 2b-inch platen 
hydraulic press (Figure 31)-  Both presses utilize machined aluminum 
upper and lower platens heated by "Chromalox" heating strips bolted to 
the back surfaces. The heaters are 6.5 inches .apart on the vacuum, 
press -aid 7-5 inches apart on the hydraulic press. Nine thermocouples 
are located on the vacuum press platens and 6 on the hydraulic press. 
Thermocouple stations were located at the he..ters and between heaters 
both in the center and on the edges of the platens  Electric power is 
supplied by a 220-volt, 3-phase circuit controlled by a Barber-CoImaji 
regulating pyrometer,  '"his instrument has a calibrated range of zero 
to 600 degrees Fahrenheit t 5 degree increments and produced :si  observed 
regulating tolerance of 5 degrees F'lirenheit  A ^-degree temperature 
variation was observed on the platens after the tr.-Jisicnt period follow- 
ing heat-up. 

Both presses were designed and built at the University of Oklahoma 
Research Institute specifically for the FRP laminating.  The vacuum 
press features an air-activated upper bed which carries the upper platen 
and the fiberglass-reinforced silicone rubber vacuum blanket. When this 
bed is lowered, it drops the vacuum. bl.-Jiket around the piece being molded 
and seals it against the surface of the lower platen  The air is then 
evacuated from under the blanket by ,•■ 3-cylinder vacuum pump which is 
self-regulating at any preset vacuum level between 'j  inches Hg and 29 
inches Hg. 

The hydraulic press is operated by an 11-inch diameter hydraulic cylinder. 
Hydraulic pressure is developed by a pump powered by a vari-drive electric 
motor contained in the press console (Figure 31)-  There re two automatic 
speed control positions on the console for high-speed opening and closing 
of the press and low-speed adjustment of the final platen pressure. 
The 60-ton-capacity press is presently calibrated to approximately half 
capacity, or 100-psi platen pressure  Laminating pressure is set by 
reference to the indicated ram pressure displayed on the control gage 
(A in Figure 31)- An Amsler mercury compression head was used to 
calibrate the press.  The ratio of the control gage pressure to the platen 
pressure applied to the 22- by 28-inch area and the 20- by 2c-inch area 
are 6.5 and U.69 respectively. 
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Figure 30. Vacuum Press. The fiberglass-reinforced 
silicone rubber vacuum blanket is shown resting an 
the lower platen. 
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Figure 31. High Pressure Hydraulic Press: A, control 
gauge for setting the desired curing pressure; B. control 
console for monitoring and regulating the temperature of 
the heated press platens. 
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Mult!-in,   Co.tinf, Mr chine 

The requirement  for   i m.chine thnt could Gimultaneoucly impregnate   i 
nujibor of plier. of  fibergl.'.sG  fabric   'nd perform this operation with 

uniform,  controllable,    .mi  reproducible resin content free  of air 
noc'.^t:: waa realized early  in the single-step onadwich fabrication. 
The machine subsequently developed experimentally,   adequately  fulfills 
thece re-iuirements. 

As  conceived in its present form (Figures  32.33.   '^nd  3^)-   the machiie 
utilizes several feed rolls (F in Figure  33) woimd vith dry fabric equal 
in number to the number of plies to be simultaneously impregnated     The 
ends of the fabric  thread through the small guide rolls  (A  in Figure  33) 
across the resin feed tubes (B in Figure  33).  and up between the zero- 
pressure rolls (E in Figure 33)«  a^d finally through the L-irge pressure 
rolls  (A in Figure  3^)-    Just before entering the pressure rolls,  a poly 
ethylene film (B in Figure 3^)  is applied to both sides of the wet fabric. 
This film aids even resin squeeze out at the pressure rolls and provides 
p. means of easily handling the very sticky wet impregnate. 

The impregnated fabric is drawn through the machine by a motor-driven 
take-up roll (B in Figure 32).    Preheated resin is poured into the resin 
reservoirs (A in Figure 32) which are then air pressurized,   forcing 
the resin through the heated perforated feed tubes (B in Figure 33) 
These tubes are heated by a low-voltage high-amperage spot-welding trans- 
former which is connected to them in series (power leads are marked D 
in Figure 33)-    The heating is necessary to provide uniform,   uninterrupted 
flow of the viscous resin through the relatively small holes which per- 
forate the feed tubes.    The pressure cutoff switch and resin flow controls 
are shown by pointer C in Figure 3^-     & fluorescent lamp light panel 
is located at D in Figure 3^ for inspection of the freshly impregnated 
fabric as it is being wound on the take-up roll. 

The resin content of the fabric is determined by the spacing between the 
upper and the lower pressure rolls (A in Figure 3^).    This spacing is 
•d.junted by turning the adjustment screws marked E In Figure  3^ and 
setting the desired opening with feeler gages      Though the machine is 
luitc versatile,   all of the impregnations made during this program wore 
3 ply of 180-inch  length and ^4-inch width     The results of these runs 
are summarized by Figure 35,  showing the excellent resin content control 
achieved. 
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ROLI£R SETTING  -  INCHES 

Figure 35.    The Effect of Coating Machine Roller Spacing on Resin 
Content for 3-Ply 101 Volan A Glass Fabric Impregnations.    The resin 
content was controlled to within +1^. \ 

if.-» 

6k 



Gandvlch Compressometcr 

To me.-'Gurc strain on the '♦- by ^-inch sandvich panels over the gauge 
length called for in MIL-HTD-UOIA, it was necessary to design and con- 
struct a Jarge coir.pressometer. The completed item is pictured in 
Figures h  -md 5- The circuitry rjid the mounting details are given in 
Figure 3^. 

The compressometer was calibrated by comparing the measured strain and 
the calculated strain for a circular TOY^-T aluminum test cylinder. 
Readings were taken for gages AB, DC, rnd  AD (Figure 36) at every 2000 
pounds j-or loads from 0  to 22,000 pounds.  The actual strain was cal- 
culated by the usual formula (P/AE) and plotted agoinst the measured 
strain to obtain the best straight line. The slope of this line was 
taken as the constant for the compressometer. 

65 



—t ^^ 

: it 
-Panel  iperiaer. 

rojnl leeiltr 

S'.rait; Bear. 

X_i 

— Strain üa,7c- 

Par.el  Spe^imer. 

i^ttensiGC Am 

Sr 'ev 

I ;-:t 

U—j it=^i ,—— 

>. 

^^-J -^ 

^v—^ 4 

.4 

1-      M 
5pr:nc 

SSCTIOi A-A Tea» via» 

□SDICATC» CIBCUrT TO CHECK 
IKDITIXAL FACE ISyOBaUTlOE 

□roiCATOB CIBCUIT FOB 
USE AS COKPRESSCMETER 

Figure 36.    Panel CosjiresGOcietcr. 



A??E!IDIX rr 

TABULATICIB OF TEST' RESULTS 

t , 



99 

i r o o 
a o- 1 ►1 

o rc ^ 
•d M tn 

§ H r> tn 
H* D- 

n 3 (-- K'* 
H (H o 3 

c 
P- 1 •o 

g <! (» Cfl 

t C/l 
► '■ 

o C X 
c n < 
f* m i t-1 

o 
H* Y " 1 
3 3 o o 

d. 3" 
rr I E 
"> 2. 
►^ 89 
0 ^ c* 
i 3 a 
01 5- 

0 
3 

c+ d 
t fr ct 

o o 3- 
^ O r* fl 

0 O 
<T> r+ ^ 

a 
ro 

0 

ro CD 
3 a. 

§ c 
o 
3- S 

p. r) 
M 0 

U) • a 
p- rc 
o M 

^ OT 
M 

3 2 
f+ >• 
ET rt 01 
1 

n 
r* ►1 

H 

a- 

5 

►1 

o 
P 
r» 
O 
c 

•-» 
o 
►1 

p 
o 
3" 

"H 
r* 

3- 

O O 

I» 
o 

"   O 
tn    i 
f+ 3" 

V 

5 ro o 
p,c3 

\8 

CO ro OJ ro 

• ? • • 
® ® ® c© 

8 
OO 

8 
-1° 

8 
^0 

ui co ro   UJ co co 
t-co K3    ao t-fo 

co co ro  <jo co ro 
CO P CD    trfö CD 

O0CDO>    ruoo*^   rocofNJ   v-nt--g 
tr P- t^ £■ 

ro ro ro   co fV ^ O CD CT\    P O v-n 
(J\Co vn     ~4 H"  O 

rojro i%m 
VDl £- 

Lororo    roror\j   rororoco'V'^ P-o-g   ^CD-J   --]4r-ro   ro^vn 
*-     ^CO CD 

|co)'0|rv) 

colvji o 

wmm ro 

II? 
c 

VO   CO 
o o 
B   "O 
P.     CD 

ö   5 ro o p, o 
a   n -  x) 

^ 

co 

® 
co 

ro 

ET 

CO 

8 
CO 

o 

rororo   cjrorocococococoro 
V£) -^1 v/i     F-1 M3 C7\  vjn co P 
MJ ->j r\j -n CO 00 

P-O-J 

tr a\~j   O -J 00 

ro 

^ilro|o 

rv) ro   ro ro ro 
(5? ->j -g *- 

•p-vn ^D    CO CTN *r 

Icoiroiro icoiroiro Icoiroiro 

IcHH»^ |OKA)|M IO-MM 

CO CO CO 
vü cr\co 

Co co co 
(Js^n co 

ro to ro   ro ro ro 
MD VI CO    \D  CO (T\ 

co^n ro    *- ro so 

^Jiroiro 
ICo|\D|co 

ro cr\ ro wi o ro 

CO 
CO 

rgv a\ co o 
CDsiJ  fV)     W1 

r\) ro iroiruiro iroirol 

tr-\o IcqHcrslcH^-'r 

& 

^& 

iC oo 

P. 

3) 

ro 
»^   CD 
O    O 

f+ 

Ü 

i- ro 

P- 

50 

ro 
8 

t 
ro 

co 

CO 

en 
a 



69 

CO 

§ 9 
« s 

ro 

1 f • i 

1 s & <S 
O H -

: t 1 1 *» p 
P CD 
0) CO 

CO 6 i1 
o 
& 5 

CO 

c a 
CO 

CO 

H" 
N 

S o H* 
9 

3 

•3 

11 
P* 
H* 
O 
9 

CO 
H» 

X 
^ 2. cf 

(9 H 
O 
•1 

•8 
CO 
c+ 

0 § 
% 
ro 

1 

s 
I f 
CD 
CO 

I 
cr o 

& 

5 
•1 
H* 
O 
6 a 
• i 
o 
P 
0 :r 
•8 
w 
c* 1 
o 
f i 
ft 

? g 
§ & 
OJ D 
\ A 
Xr i 

0 s 
c* a 
H 

? 
•§ 
01 

c* 
O 

ro 

9 o sr 

o 
i 
ON 

3 3 
a *a 
p. co 
3 H* 

" o CO I c+ 3* 
<6 8 
« •< 

o | » o 
a <# • u P* 1 *r m 
3 H« 

• 3? o • 

Id? 
co ro UJ 

? * • • • 
® © ® 

1 % | •>d *i 

ro 

I 
U ) U ) U ) • • • 
op ro «e-

V£> H U ) 
J r . p - . p - .p-

U ) 

•e-

CO co • • 
U ) .p-
o co •P- -p-

•e- co co 

$ b s 
•f fr 

ro •P-
•P-

£g 
u) ro 
o ON 
M VO 

ro 
vo 
o 

5 <+ 

VO CO 
O O 

VO g » - N M ° 5 to ° 
B « 0 » ° 13 
?2. 

* 3 ff 
O • 

i* 
Co ro LO 

? ? ? 
® ® ® 
CO CO CO 

8 a 8 *? p 3 ^ 

ro 

if 

OJ 

8 o 

U ) U> LO 

S S fo 

ro 

« lo I CO 

co co |co iro 

± * I- fe «- *-

ro iro 
Q I® Ivg 

ro 
ho 
W> 

ro u> • • 
& VO LO 

V/l o 
* - .p-

OJ 

is •P-
ro iro |u, 

<§* |c\ It- |s 

co ro iro 

?• P f§> 
ro 
03 

I—i 

£ 

S re 
P* 

ff I <* CO 

5 
(ft 

s 

00 

& 

» o 
H 
o 
ft 

o 
H-

0* I 
H» OD 
2 o 

H- C3 s ° 
c+ 
Q 

w ro 

w 

ro 
2 8 

ra ro 
t-* CO 
a o 



01 

5 % o 

S' 
' S 

O 
c c+ 

ET I •-* 

•< 

•g 
ci c+ 
I 

o 

o 
p 
c+ 
ro 

ro 

I 
U) 

g" 

•1 p 
c+ 
| 
r ' 

I 
P 
CO 

f 

o* 
<T> s 
i »1 
H* 
O 
P 
c* a 
o 

a 
p 
o 

•8 w 
c* • 

§= 
8" 
• i 
H 

a 

i 
c 

T3 
(0 

01 50 c+ O 
•i a 

o 
o 
9 

^ rt-

E II 
c o 
0) 

a 
o p «+ 

o 
D* 
H -
9 
? 
o 

8 a 

s a o o 
• X 

*8 
*1 O 
fD 
P c+ 

Z £ s ° 
P 
CO 
0) 

5 

I ft 
c* 
0 c+ 
1 
$ 

p> re 

i 
I 
5 
P 
0 

1 
C 
Q 
(ft 
9 

td H* 
i 9 
c+ cr 

is 
M3 Ul 
O O 
3 -a 
£•?. 

VO C 
o S M O p« o 
3 ft • *3 
H - I r « 
3 H . • < •— 

O 3 
O 
C 

& 

CO ro U i ro CO ro CO to 
? • ? • jf 3* 

•1 Ef • 
=r 
• 

© (@ ® ® © <Q> ® © 
U> u> 

8 
•fl5 

uo 
So 
•»J 

U l 

8 
CO 

8 o 
•»! 

CO 

% 
•»3 

CO 

8c 
CO 

8 

u> 
LO 

UJ 

U ) u> 
U ) U l CO 

co 
VO 

CO 

CO 
VO 

CO 

*-
*r 
U l 

£r *-
H «• 
CO 

CO CO 
- J —J I 

CO CO 

te l>s 

UJ, U) 
- J 

CO CO 

Ul 
- J 

IS fcJ , 

. lb? fcs 

VO CO o o 
a *a 

O 
3 p . 

£ c+ 

o § f o o 
g n P >o 
g- >1 -COT 
? $ 5" " 

o • 
c 
§£ 

& & ft Ul u> 

•P" * - IO 
U) Ul VO 

Ul Ul Ul 

ro 

ft 

fcs IVS fei 

8 
Ul 

M |& |o |W 

*& w hs iw 

t* 

£ 

S 3 P. 

•3 9 
£-• O 3 TO 
n to 

6 o 

o 
•1 
H* 

Cq 
H* a p. 

50 re >o 

0 
1 

a 

c\ o 

j? •b 

0 3 
o 

r- M 
Q Ul 

t!* O 3 

0 1 o 

•s 
I 
3 

5 § 
Q 

& 3 c+ 

O 

& 
H* 
§ 



u 

Oc in 
3 a r+ 
<» p. »i 

n n 
•a »1 en 

(B  3 f- 

P- 

§  < tn 

rt C <* 
c n » 

p. 

n 
o 0 
►1 

"E 
r 

r+ 
M 

gi 
p-o 

w 

»-- •-« 
3 O 

I (- 
n O 
O < 

o 

►1 

2.1 

ff 
O 

r+ 

1 

3" 

P» 

it 

•a 
g 
n 

cr 

>-» 
n 

a 
O 
►1 

n 
9 
n 
3- 

cn 
r» 
I 

o 

111 

1 

g 
p 
3" 

6 

O 

-J \J1 (jO 

o o o 

o o 

3   ►- 

O 

o 

® 

8 
o 

vn c- rv) 
-j ->j H 
00^ 

UJ UJ ^ v-n ^"JJ 
ON P-1 vn (-' —J OJ 
O O O       O O O ^ 

ui *- -T- vn t- »-• 
-J ON Q 00^ 

w fo ro 
o o o 

& 

60 H 
• O 
in    i 

ru o 
o 

£ 

i: 

® 

vn Wl  ir- 

§88 

sl: 

•P-W ro 

^ 

® 

o 
o 
o 

v-n Cü PO 
M  sü   t-1 

o o c 

oj ro ro 

8»^ 

ISI 

•o ro t- 
&8S 

P-  01 
3   y- 

n 

? 

8 
o 

'588 

ooz> 

O ill 

ro 
8^ 

rolM 

o o o 

o 

® 

Q 
O 
o 

V) UJ fo 
CD M   ON 
O 

Isläll 

ro|> 
v^ilv 
o|o 

Qlvnlvi 

P- 
o 
•1 

ro o 
o 
•  v 

i 
C 

g. 
p. 

*f 

ru 

® 

Ö 
o 

13 

ooc^ 

olof - ̂ 

o olo 

w 
n 
•a 
H M 
t—   CE 
2  o 
r+ 

(JJ ro t-j     LAJ ro 
\~n CX> f      vn v 
O O O        O  C> O 

lo|o|o 

^ H 
•      O 

n 

o 

K-   ON 
3    O 

P- 

t3 
M t-1 

•-   <J\ 
o   O 
P 
r+ 
n 

o 
i— 

b o 
P. 

c 

m ro 
5 8 r 
50 
1) 

>d 

o 8 
P 
r» 

? 

o 
c 

5 

e 

M 

o 



dl 

3 0 (»  Jj   b 
(V  f»   O   ►«    D- 

Hf+ * J5    O 

■ r? <* S 
H t* 

1 
c 

r ff r» (»   *1 

ag-^g s 
b   p   p.   r+ 

& • a g ►* «'S ^Sdf 
^- 0» 

%% SSff —»M 
ro 0 S7 

C       p  t»   o 
•   P   1»   H- 

6 •    3   t-* IH 
0 

a «o 
P- 01 
9  I- III 

0 
•    X) 
e- 01 

p. (t p 

it  (t b o    -d 
■ •     N..^ It 

►1 & 
• •   —* n 

►1 {? 
e? uff 
o 5         p. 
P  *            X     H' 

It   P.        HP 
0  JJ U> OJ »Uü ro CO UI UJ (o CO CO cj ro U) CO co ro 

H 01 
It   r+ 

1 g:8   * e 1? 1? 1? 1? 8? 1? 1? 1? 
s"  ^t? 

® ® CS) ® ® ® ® ® 
i   *-      ft   o 

O              IM 
0   c*        (|   M po           q 
t*              r*   5 t- H + 
it H      er S 
P< ^     it •■ 

1     \£)    1 •   0 • • 1    00  1             1 M 1   vO   1          t • \Ci  1 1     CD  1             1 • v£)   1 • M 
ro 

H              9 
a\ CD VO H -J ro CD 00 

to « H 

SS-   i* = g 
1   o       &■ ro ro H ro 

1^1          . 
ro ro i^ C   3-       (t   •- 

■0  •          «i   tn 
1   -j 1 1   -g , • 1   U)   1             1 CO    1 • \jy 1 1   CO   1            1 1   1 

(t 

01 0 ro 00 ^O Co a\ \-n 

o 'S 

^3 

1     O   • 1    '£)   1 III          1 1     1 111       1 1   1 III            1 1   1 50   O s 
■ 
ro 

• 
ro 1 

H-CX ►1 
9 O p 

5? 
ro ro ro Vü ro ro 

H vjl H III         1 1     1 111      1 
ro 
H   1 1 fSi     , 

• 
ro 
\n  1 • i   & 

It <T\v-n OJ vü   O   O CD ro M 0 
X   <* *- 
n   o ^—X 

|s + 
0 

1     1     1 1      1      1 III         1 1    1 1   vO   1           1 1    1 111        1 1     1 33   50 N.^ 

01  *1 • r» >■ 
ft •P- T3 

Xr MM •0 
-    1 ►- a § e^ 0 0 
r+   «^ ro ro 11   p it 
?   C 1     1     1 1      1      1 III        1 1     1 1 •p- 1         1 V/l    1 111        1 1     1 33   f+ H 
n 0 • • ft 

9 --1 -J M 
H P- 

gg <t 
9 ••   P- H t f+ 

§    " 
i    \C   1 1     •ü    1 1   .J 1        1 -)   1 1      ÜD   1                1 CT\ 1 lOi           ' OJ 1 33    O H* • • • • 1 "> 

p,   31 \s\ ro 0 v/i H cr> w VJl 
(K'ro 

rr '■ H-O P 
P- " 9 0 rt- 

dq ro ro H h-1 t-1 H 
1   ro 1        1 

H i ^ H* 
y "Ö 1    -t- 1 i   M 1 1    1-   1           1 t-'   1 1   CO   i           1 - J   1 -J   1 0 

5" 
• • • ■ • • • • 3 
-1 —j -J \J\ ro a\ <. ro 

§ 
ra  r» t—' t-J ^ ' ►-■ h-* ♦ p. 
2  H 1 (    )      1 r,> r j 0 r     I      1             1 1               1 ' ;' '       ' (D  1 111        1 1    1 33  33 

0 b" 
^0 

'B  0 

- j v^J  f-J  CD < > co •d 
h-' fO 

08 B. 
p 5 

ro 
1   ~j   1 y^ ill             1 

1          ro 
11          1   - j 1         1 

ro 
111        1 1    1 

M       p 
33   r» 

0 
1 

5- " • •    • • • (t H- 

i-:. *t 
1—' UJ -j I~J IM y ' n 

3 
p p p 

K J 1 * ♦ r* 
1          1          1 t 

< 1: ' P  OJ 

O    1 • 1 0 1      1 

0 

1     1 101        1 

CO 

*.'  1 

w ro 
O 
u 

0 t-CO 
9 O 

(^ ro fU rj rj V0 n 11     p 
3j r^ 1          1          1 1   -j 1 1^1           1 v   -1     1 1     OJ  1            1 1     1 1   To 1         1 ,   1 

g • • • • • ■ l^/ 
« CU 0 ro * n 

Ci. 



ZL 

• 
CO c+ 
•1 n a» 
n 

»d 
CO 

0 i u> 

1 6 

<• sr 
o § a 
£ 
0 

1 A 
•1 

I 
£ 
(V 

cr 

& 

o o H 
U l 

•b a 
H -

•tf 
CO 
M» 

•g 
H* 

u> ro H u> ro H U l ro 

• if • ff • ff • ff • jr 5" • 
® ® o a <8> ® ® ® ® 

*1 $ 
u U > 

1 
u> 

1 1 
u> 

% *1 

U ) 

% •»> 

i i i i i a i i i 

• • • • • • • • • 
LO V I H W H V J 1 V O ON f\3 

I I I I I I I I I 

|\c fo CTvH U> r v o w o • • • • • • • • • 
O V I \£> ON 00 V I V I -«J 

>Mjro £-u>u>u>u> roj 
I ^ - v o o OSLO - J U> V • • • • • • • • r ^ c ^ o f o w os->a ro 

• • • • • • • • • 
o os ro vo oo u> ONOVJI 

I I I • I • • • 

£: vo ON Co o 00 v i o " • • • • • • • 
tr\n * - \ 0 —J - J - J NJ1 ro 

I I I I I I i I I 

,•£• ^"Ul £; *r *-U) V£> VJ1 <3 Oo£-^1VOCJU1 • • • • • • • • 
O O CT\f\)v* (TWO - ) 

• • • • • • • • • 
-g|vo oovo ro ro * - ro ro CD 

• • i • i i i i i 

i • i i i i i • i 

• • i i i i • • i 

• • • • • • • • • • 
r - ^ v i u ) H w w v i V I U J 

• i i i i • i i i 

r w u i fTKjJKjJ *-KJJ U> \0V1 W v o v i w v o O • • • • • • • • 
^ ' O r o \ o o oovo v» 

I • I I • I I I I 

I I • I • I I • I 

*r *r\jJ £ • *r{£ *r *r 
I H V f l { " O O^VO U) O • • • • • • • • 

f O S O D H O O ) r 00V* 

• • • • • • • • • 
rou i r w p o \ r r o o 

• • • • • • • • 
» 00 c \ o ON 0D ON 00 V I 

• • I I I • • • • 

• • • • • • • • • 
0\ C0u> O H M I-1 *r O 

Jf a <t 
CO 1 
ft 

8* ON A 
8 § 

&a> 

VO . 
O CD 

|5 

88 
H 

>* £ 
M 

5 

\o ro 
O U) s5 

f 

l 



t'l 

* 

0) 

i 
c 
n 

CO 

O 
i 

ON 

| 

& 

ö1 

§ 

o 

a 

Pi 

o 

CO 

u) ro 

8o    8 
® 

8 

o 

en 

M 

I    I    I    I    I    I    I    1   I 

rororur\3r\jror\)roro 

SP H o a» -^J ump CD 
^o 

I    I   I    I   I   I   I    I   I 

oo rj rj L-O W ro UJ UJ ro •   •   •    •••••• 
£■ oovc cbo O vi '^ 

•p-ljJUJOJUILOUJUJUJ 

f- mvji en 
v^i   '• ro i 1   ' vn ->) O 

I    I    I 
f- -t-uj -p- *-UJ 

" H M r- mvo 

I    I    I    I    I    I    I    I    I 

f- r-oo <-- r-uo <- <-UJ 

O L>-> I-' >-j c--J nj v/i i^o 

8 8 
^ 

i i i i i i i i i 

w ro ro ro ro w 

SP CO oovß cx> ^ 
(55vo t-1 v/i ro M 

I   I   I 

I    I   I    I    I   I    I   I  I 

I    I   I    I    I   I    I   I   I 

I    I   I    I    I   I    I   I   I 

i-- uj rj oo L-J ro UJ oj r\j 

t-' (^ vp CTN ro O ^^ to a 
>-■   i-'5)^-'uoCD^-'  On 

I     I     I     I     I    I     I    I    I 

■OJUJ    J-^-ljO   {-L*J(,jü 

ijO Cn^ n -^J Q \/i — ] vp  r 

0) 

ro 

ET 

8 
® 

8 
^0 

® 

i i i i  ii  IM 

u)LorOLoro roijJUJro •   •••••   ••• 
vjiro^ro CDVJI £-(-"--3 
—JUJ CD ^—j t- CNVO M 

I   I   I   I    II    III 

-uj ro ro ro ro 

ro '"^MD -~J 
M  CD h-1 -J 

% I   I I 
CD 

rororororororororo 

CD *-■ v/i   '>vO OOJ Cnvn 

ojfofoojroro -p-ujrNj 

| -~3 cn ■ ̂   CD  t 

III   II   I   II 

(.AJ OJ ro ^>J t .J UJ (jj I>J i 'j 

f- >-> rnvn ro ►-< i—• HJ >-> 
ujv/i ro  *-~-H (V)vov/i rj 

? 
w p 

C n 

o 

13 

•8 

O H 

O ro 

o rj 

O ro 

a o 

^ to 

A 

M 
Ö O 

O O 

h3 



1 

P3 
er 

a 

a 

a- 
re 

o 

o 
►1 
p. 
rj 
1 

o 

<: 
rj 

0<J 

o 
•n 
to 

UJ w ►^ 

hr ? ? 
(,'1 (^ 0-, 

L>J w (jj 

X X H 
o o o 

"1 ►») "j 

t-t-OJ <--t-uo *-^-i^ 
-J O •t- ON M  ^-    J IAJ O 

CJ\(Jüro <-v-n^ C7\t—  t- 

cnroo\o ^rovnw-^i 

CDO Ost-1  t^-^jo CTNOJ CT\ 

fc- o o\ *- M to w o *- 
OMvJfrOOSOOO 

roasoovuv^ OLO Ma> 

oj »^ cßv^i rv> -g -4 oj —j 

cx> I-J ro ONUI *J 

:^ JJ  {^ ^ OJ  £" .P-UJ 
i^- vn (-■ ~j CT\ to v-n 

-j-ji-'-^aororo ONCU 

oj ^ *- r\j a; M 
<r- *- r- 
t- I—   O 

UJV-nru  frvjit-'l-'  CBON 

Ü 

■'3 

UJ r^j M 

■ 
^ • 

(.. (P ® 
C-iJ UJ OJ 

H H o 
0 o O 

T] ►t] •^ 

*rU) CT\ ro cu (-' vn cr\ 

•p- *- -c- 
-j v^i rv) •c- *- ON o M 

vüfU-^  ■F-OVCUJONH' 

UJ ->j -j ro j O\uo o 

■t- *- IV) o C 03 -t^ c 

r>j -g P ro cöuj -g ro 

v-n O 0\ H-1 ON OM-o O 

t-t-U)  ^*-Ui *-*-LAJ 

CDf--j rucx>a)t-ajON 

«-■f^uj f-*-c»j *-.f-uj 
^o-JOiro-cvnrooN 

c.) OD ro -o ro i-' ON M CTN 

^j ro V CTN »-• -J UJ Cj vJi 

ONO t--^rooao*-ro 

r0O\vnlV)V)O\t-ü 

t-'t-'fNjroMvo-j.t-ON 

t-AJ 
o 
o 
o 

"1 

z 
US 

o 
a 

M 

8 
o 

t- ^ as t ^W- 
Cu *:- t- rv) ^ M ON OMJJ 

v-ri ro \u I~*J o cpi_k)^i3—j 

o ^-ro CE COI^HJJ ijj t- 

O' ro •£-->) *---jw)tAJUJ 

-g tAJ NO »-' O sj O -J ON 

-j ro NJJ 'NiJ o  *- ON 

(JÜ N/l N71   c;   ON rO   OD SD Ni. 

ft    ( J 

ON M 6 ON 
O 

a 0 
M- ►n 
3 

O ON 
O 

a   o 
I- ^ 
3 

ONM 

O OJ 
O 

a   o 
3 

NO   M 
O tt> 

o 
a   o 
3 

ONfO 
o o o 
a   o 
tr ^ 

NO ru 08 
B    o 
i- 13 
3 

ON r J 
O OJ 

O 
0     O 

3 

'*! M 
o UJ 

t j 

& o 
•»I 

3 

«-9 
rt a 

•o 
(l 
-I o> 

p. 

H 

0 

| 



91 

U> 

j? 
© 
uo 

O 
* 1 

TJ (/> 

ro 

jf 
© 
UO 

8 o 

©1 

W 

o 
* 1 

W W r o w M IU U) W M 
—1 ro - i w v o v f l u o o 
O M \ J 1 COv-n t-1 O —3 P" 

w w r o w w r o - p - w r o • • • • • • • • • 
r n c i o o c \ i \ ) u i 03 
O CD +r CU->J C 3 H V O r 

OJUJ r o u o u o r o u o o u ro 
-p- ro Covn o CDU) co 
V O O H ON-J ON ro G\ 

K j j - t - u > L O L O U ) O O 

M CC - t" M —4 * r \ 0 - J CO 
->i ro us—>3 VJI VILOU) ro 

u > r o r o t j o r o r o u u u j r o • • • • • • • • • 
P-VO -p-vj i —j >JI - o ro co 
p - H* p - M VO t—' CD 03VJ1 

W W to p - W U l w w w • • • • • • • • • 
V i W M l H ONW pN P" M 
\ O v / l l - ' W C T M - , r o v o O 0 

\J1 P" W P " W w w w w • • • • • • • • • 
v-n g u o - l u « Ovyi ro vo ro vn vn o \ u i w ro 

P" f r w P " W W P* W W • • • • • • • • • 
V/l Q 0 \ H 0 0 W ON C O M 
ON <3 P" P " P " W O M CO 

CO 
o <J0 

>d >a 
o CO 
t— H* 

L O M U) ro h-» 

ST if • • • • • • 
© Q <S> G> c© o 
LO U ) LxJ U ) U ) U J 
O O Q o o o 
O O O o o o 
O O O o o o 

*1 *1 *1 

r o r o r o r o r o r o r o r o i o 
v/ i P " W —2 v-n p - CO ON ON 

t O H - ^ o 

w w r o w w r o w r o r o 

W » - " O W O O N O V O - J 
1N3 CTVONVO P--JVO ct\\j\ 

w r o r o r o r o r o w r o r o • • • • • • • • • 
w vo ON—J -~J ON H CDvn 
OvtO O CT\H p - O ON\O 

p - P " W P - W w P" P " W 

O N O O N O O O - g O N M O O vo w fo p u i H l \ ) y i OJ 

w r o r o w w r o w w r o 
t - \ o O N O N H g \ r o o ® 
o o —a o w ONVO M5 \JI 

w w i o w w r o w w r o • • • • • • • • • 
v / i M ^ v n r O H O M O v o 
VJIUI vo VO o v n v o fO v-n 

co u) ro u u) co to u> u • • • • • • • • • 
p- H \ O ON ro o w M o VO OOvS ro vo © oo o 

w w r o w w r o w w t o • • • • • • • • • 
rovo v i r o v o IO O H 

- J r o H CO\JI ON f o vo 

o o s 

w r o r o w w r o w r o r o 
P V O O N O O V O c o ON p- ro V_n p- vji vo vo - j vo 

w r o r o w r o r o r o r o r o • • • • • • • • • 
Q VO M VO —J VO COON 
^ W W H r o v o v o H o 

u > u > ( o u > r o r o . P - r o r o • • • • • • • • • 
- J H H W ^ O O N Q V O H o ro ON OM- J & 5 P-VO 

w r o r o w w r o w w r o 



LL 

• 
M 

• i o 
CO 
CO 
r* 
3 

•3 
w 

o 
i 

CO 

c* 
& 
C 

P <+ a 
c+ 

£ 
O 

*-• 
§ 
3 
W 

0 1 Q 

V I £ - ^ r 
-P- CX>->3 

c\03o a>h-» o 

§ 

3 
*t 

I p* 

3* 

O 

CO 

CO ro H u» ro H 
D* 
•1 if er • • • • • • 
© CD © © O 
u> CO O J CO CO CO 

8 8 8 8 8 O 
O o o 3 o o C 

*1 •n •*J hr 

1 I 1 1 1 i i 1 1 1 1 1 1 • 1 1 

.p-vn ^r 
ONVI ro vo - a 

ro VD O -P* CX)->3 V i 0 0 -

v / i v i * r v i v i - t 
r j O —J C \ fO SO • • • • • • 
IO H C B O > - J a 

C\ o w n 0\C\v-1 J - f\5 COU) vO • • • • • • 
^ TO fO 00 O 

ON ON -tr £TUJ V I 
" C\ O i o O • • 

• T - v 
H l O - J • • • • • 

H v o H v o a 

O w n v i C N V V I C\v , r v i ro o CN ro - j co ro vo 
; v i v co O N V ^ O •*" 

>3 
t i 

* - C 0 ro ro v/i vo 
•P^CO U)U1VJ1 . 
0NV0 -P" ON fO VO 

V I V I V/1 ONVI •£"" OV V-Tl v 
vo v i ro o co vo o o\ 
M O V J C N COCO co CD ro 

ONvi V ! C\VJ1 _T 0 N V I \ / 1 
M H VJ - J VJ j r 1 

ON - • i-« ro ro o vo vn ex 

»d 
CO 

CO ro H 

j? • • 
© © © 
co 
O 

co 
8 

U J o 
O 
O 

*1 

co 
8 °o 

V I V I V I . f V I £ - .p* 
ro H* o ro - a ro M CDCO « • • # • • • • • 
-p- ON ON V I V I O 03 V I 00 

I • • • 
CO C3 M 

•P- P*CO 
v i o ^ 

! —J CO 

v i v i r v i v i 4=-v i v i £-
O N W & - P - H C N H O C ) • • • • • • • • • 
CD ro v i H» P - ON P - ON-a 

CNV1 f r V I V i i r o V I V I 
O CO VJ COLO VG C N - T - H 
CO CCVi i ' C N O P - V i .f:-

CO o 
CO i 
(D 

S*b\ 
a o 

S* CD 
a I "* 

o to 3 °-

& ro 

3 Jt 
3 

vo ro 
o ~ 

c *r 

ONfO 
O CO o , 
3 0| 
H- *xj 
3 

vo ro 
o CO 
3 °C 

5' "J 

8 
| J & 
| o 

o. 
»-3 



81 

UJ 

•d w 

ro 

% 

8 
UJ 

3* 
•1 

•a 
01 

s 
© 

• * 

OJ 

? 
® 

•d 
CO 

ro 

h? •« 

r o r o r o r o r o M r o f o i v ; r o r o r o r o r o H r o r o N r o r o r o r o r o r o r o r o r o 
W N O N O v a M H 
W H O ) GDVO U i M V f l § 3 -~J ^*U> H* •p-'J5 o —1 

• r t o \Cw o * - u » IO tloo t - ro t- t- ob o\ \* ^ 

ro ro ro ro ro rc • • • • • • 
• r r w u i *-UJ 

ONOJ \£> —J ON O 

l i l W l O U W l O W W M • • • • • • • • « 
r u o a H O » o o « CD vo o\0o\o ro Iv 

U I U U I W U I O W I O K • ! • • • • • • • 
U» ro H U I M VQ H* VO vfl 
0 \ C T \ * " 0 \ 0 0 1 M O , | 0 

ro ro ro • • • 
W H O 
\n\i\ 

—i M 
p3«S?£?cJS 

rorororororouj ro i - i • • • • • • • • • 
p\ *- ro 0\yi u> l\J ow* K>\ovo—jro-isnvo-^ 

u J O j r o o j f o r o r o r o M L o r o r o f o r o r o v j j r o r o 
o cp\j\-i *-oa>yo a\\A M go-O u» sn <T\< 

rororororo forororo 

ro ro iou> ro w ro ro ro 
V» *~t oovi o o ^ c 3 $ U> - 4 U> OSLO < 



61 

I 

I 
I 
8 

•0 
CD 

u> ro H CO 

jf • s • ? • 
@ ® ® (g) 
oo O 8 

CO 
Q 

$ 4> 1 $ 

N-n v i £ - v i v i 
W O ® H O H COLO 
- . J - J H V O H H O J H U I 

v i v i £ - V I V I V I 
ro o ON OO LO O • • • • • • 
SO O -P* O O v i 

v i v i P - N J I v^i £ - Q N V I __ 
0 0 i o a > v i O ON O OOVI • • • • • • • • • 
O v i - a v i vo 00 VJI ^ - O " 

ON ONVI ON ON C \ O N v r 
W O v ^ W O v ^ W H v O • • • • • • • • • 
ro P - a w o ro ON P - P - ^ O 

Q N V I y i . 
O P-vO ONCO O O 00 O • • • • • • • • • 
ro <.o v i O ->) -«J ON P"->J 

v i vn v i ON v i v i ON ON 
a > - j ON O O o c \ u > O 

ON v i v i ON v i v i O N V I 
ro vo oo o —J P - o vo 
LO NO H V I - J f\) O O ^ V O 

ON v i v i v i v i 
O ON P"VO ON 

g k V l V I 

U ) M 0 3 f \ ) O D O H U U ) 

u» o £ 
•d 0) •g 

I-* 

ro H to ro H 

• jr • Ef • 
® (ft ® • 

U ) 

% 
LO 

1 *d 

V I p - p - V I t P" V I V I Vll 
H Q a O N M a J p - p - r O M 
l o o N f o r o r o o o o - q u ) 

V I V I V I V I V I V I V I ' j l VJl 
so O N O V > U ) H - J P" H 
V I .p-vO O «P" ONU> V I O 

V I V I V I r r r ON V I V I 
ONOa H V O V O ^ I O W H 
- ^ J U J O O O N M - ^ H V ^ V I 

ON V I V I ON ON v i ON v i v i 
O 0 3 V 1 M o V I U ) CO V I • • • • • • • • • 
VO ODVO V1U) V1U) P" O 

» VI P* 
I U) 00 

VI VI P" VI VI V vi ro O\->J P- ro 
H U l O N T H O H r O H 

V V I 
P1 v/i 

VI t-VIVIVl V1V1 VI 
H» 00 ONIO ro 00 VI U) 

Vi )U ) H 00 00 P" —J —0 IjO LO V0 V I i r v i O H* CD CC 

v , . 
P UJ 

ON V I V I ON V I V I V I V I V I 
ooro o ONU) ON - t - ro 

o O N r o r o u > u > o ON--J 

V ! V I 
VO 
vi vi ON vi vi vi vi vi 
ON fO O ->1 P"NO vi M 

H o v O Oov i ON 00->j v i 

r r p P - vn £ - p -
- ^ j v i t o M O to ON 
• • • I * | • • • 
ro v i oo ro O H a 

V I NJI V I V I V I V I V i V I P" 
P"U> H ONU> H H O v£) 
ON M ODV£) Q 3 C D H V I OD 

V I V I V» V I V I P" V I V I p -
ONLO H O N O ONfO & • • • • • • • • • 
H ODfO H - J o u » ro p 

v i v i P- ON v i p - v i v i v i 
O N M —4 o w & r r o o 
O V I V O H W H V I W O 

I"* 

1̂ 
&•* 

8'» 
a a 

o bp 
a a 
5" "• 

6: 

c * r o 

1-1 
vo ro 
o u> 
9 % 
S"9 

o \ 



08 

>1 
O 

W 

O J 
• y 

ro 
rv 

R • % 
CD ce © 
LA) 
Q O J 

Q o O O 
O 

*1 
o c •=J 

LO 
O 

LO 

e> 
8 

ro 

l j U 
o °c 
••-J 

r o r o r o r o r o r o r o r o r o • • • • • ! ( • • 
-P"OJ r o u j M H -P-UJ f 
• f r v i I..J t r r j OJ -t-UJ -o 

ro ro ro ro ro ro • • • • • ( 
w ry M ON 
*r <J\ O - 1 G> CTs 

r o r o r o r o r o r o r o r o r o • • « • • • • • 
—: f ro £- ' .o ro c w > 
O M L J O D C ' A n w r 

o j r o r o u i - o r o r o r o r o u j r o r o o j c o r o u j i j . ro 

r o r o r o r o r o r o r o r o r o 
5f> *- f o j ro 

—J O O CV-H \J1 1S><0 

u > r o r o r o r o r o r o r o r o • • • • • • • • 
> vo QJ VD > u i \ 0 - J u i 
> co\o o CNONViU 

r v ) r o r o r o \ > r \ > o j r o r \ > 
, H O A H ON V i o 00(7 

U) O ON—J 03 h-» vo \£) 

r o r u r o u j r o r u u o f o r o • • • • • • • • • 
O n - j o G3—1 U ) 3 <T 
4r-->j £ - h-» v i u > - j r \ Q VD 

f o r o r o r o r o r o r o r o r o • • • • • • • • « 
H H C W H e r r o o 
- s ro CO C \ 0 r - H y - ; 

r o r o r o r o r o r o r o r o r o * * * • • • « ! • 
—J Q\ O w i -C" o\\_r u j 

M C 3 H W U J r o u j c 

ro ro ro ro 
O w i u i M • 
v/i i-* —3 o 

iV> 

o 1 ; 

jf 
3 
u> 

en 

ro 

jr 
(S 

8 
© 
U l 

8 
•»? 

r o r o r o r o r o r o r o r o r j 
*1UJU> 

-P" 
u j ro i - u ro ? -u ) OJ 
O OS —l \ j i vo v.n —g UJ 

r o r o r o r o r o r o r o r o r o 
•p-Lova ONvi 
ro ONIO \J I 

r o r o r o r o r o r o r o r o r o • • • • • • • • • 
VJI u i VJI VJI C \ v i v i 
VI VI CNU) CX) c \ O 

r o r o r o r o r o r o r o r o r o " • • • • • • « 
•J CN V I ON V I V I -vi V I 

•t-rov/1 -t- oo ro ro c\ Pi 

ro ro ro 
OJ ro i ' 
I>J ro u> 

to ro ro ro • • • • 
-- i e - o \ e 
I •-< —J Q 

ro ro ro ro ro ro IO r j ro • • • • • • • • • 
CC C \ ~ O w l fr Q\\J\ rr-
« H P OJljO o C \ -p-VJl 

r o r o r o r o r o r o r o r o r o 
£ ; v i < r - r o v i - P - M v j i * - * -
O ' u i w v j (MOVO o 6 \ o 

r o r o r o r o r o r o r o r o r o * • * • • • • • • 
O CT\ -P" * r c u U I V ) V I f 
c \ - j v i o - i w r j v o r o 



18 

t 

•d en 

rv> 

« 

8 •* 8 
4 

U) f UI 
. -J M Od 
• • • • I • 

- * IO - 4 

• • • • • * 
—1 - 4 VJIUI SO ~t 

w w w 
. . *0 x* • • I • t I 

vn - 4 O 

ss sa • • • • • • 
0\%0 VO-4 \0 * 

2ft 
bo® » ' r ovo 

RS& 8 * • • • • • 2T 
- 4 l\> vn O OD® 

8 3 
• • I • I • 

vn 09 vo 

$3 S3 S3 • • • • • • 
N/l 0 \ M H> M O 

8 
•8 

U» IX) 

sr ? • • 
• OS) 

s s «y •» 

® 

8 
* 

% £ " 
• • i • i 

O M 
VO 

£3 &<£ • • • • • • 
\ © - 4 * " *r O H 

3 £ 3 
• • i . i . O H 

. » . » . » 
A W S 

. * . % fc I • I • I • 
O vn OD 

W W W W ItfUl Ovw O U I VIVA • • • • • • wot HVO t o n 

W W i l l . » • VI U» • • • • • 
M O OB 

3 * SB • • • • • • 
M M #-u> O 0D 

u» ru 

• • 
® • 

s s 
•# 4 

§ 
4 

• I I I I I 

%s & 
w Jo' to 1 

• I I I I I 

3£ $8" fcfc • • • • • • 
* - r O - * M Nil 

£3 ss • • • • • • 
—1 ON U t o O o \ 

* 3 3 8 • • • • • • 
W O 0 \ W —J vn 

¥ * 3K • • • • • • 
rovo ON*-

n> o 
3 5 
ci (1 
01 

& 

H 

it 
$ 

&! 

! 

&a 

»K 

n? 
g 8 
" S 



28 

3$ § 
3 3 3 
(S S »d 

H- 3 
ESS CO 

•d S 
co * sr H- (» 

<§> -
• M —J 

0 o 
I u> *d 

CO 

1 -• 
i c 
£ 
to 

•d 
co 

o 

5 
( l 

c* 

! 
II 

x £• 
o <• • (• 

ON CO 

I s a 

sr 
o 

£ 
o 
H 
P» 
ft 

•tf 
N 
O 
CI 
CO 
H-
O 
3 

LO 

LO 

8 

NJIVJI P -
H» O H» 

ro LO 

—4 Q CN 
VD O \ J I 

ro 

? 
© 
u> 

8 

• • • 
- J P M 

LO 

8. 

V/! P"LO 
o & r • • • 
- 4 O N - 4 

-P" P"LO 
oo ro - 4 
H P~Ln 

vn vn p-
0 5 H W • • • • • • 
U1VO H —<1 0 0 C"\ 

\JI v n p - u i v i r - j o r vo ou> • • • 
O OS - 4 

•P- -P^LO 

s —4 O M Oovn t o 
• > ro < LO VJ1U) M VO 

P*LO LO • • • c\ 

v n - t - c o VJ1U1W v j i *r 
—J V0 - J —) O CD - 1 O M • • • • • • • • • 
co ro OD LO LO v n o CNCO 

P - P -LO • • • 
O M O O 
vn O LO V5 u O N H 

—1 \n *r 

8 ^ -

i - M M 

• • • 
O 0 3 - J 

3 
tt 

O 
3 

L J ro 

? ff • • 
© Q) 
LO LO 

8 8 

• • • • • • 
- 4 G \ COLO LO 

LO 

8_ 

O vpvO 
C \ COLO • • • 
COCO ^ 

LA) LO ro ro ro ro co ro ro 
w o © 
H» P1* O 

H V O - 4 
H V f l W 

VO VO 0 0 VD V0 V0 
V/l —J LO C \ \£>vnLO • • • • • • • 

v j i u ) H -p-v/ i oo H r o ro 

LO LO ro LO ro ro LO LO ro 

ski? fcsii sss 

P ^ - 3 »-• • • • 
LO v n o 

H M Q 
P - O - 5 • • • 
M VO CO 

P^LO LO L0 LO LO LO L0 LO 

O H« 
O \ L 0 O 
M p - v n 

- 4 L 0 o ro o \ o 

H» CO 
c+ C+ 
H* 
O 
3 

2 2 
H co 
O c+ 

<• M 

Is 
O 

g 

I 

r f ro r 
o 

& 
C CO £ ° 
01 

1 • i 

J % 

J 



eg 

c f ^ c T 

81-* 
* " ! ? * 
*• S 5 

: i ! 
?|1 
si a* 
o 

« • o 

ro 0 2^ 
v^*a *i 
I (ft o 

U> >1 o 
V & ro o 

|sf* 
P» O H . 

ro i 

H H H 

ro ro ro 

sr 
t* no 

o o o • • • 

« • 

I 

ON ON O 

O O O • • • 
-p- £ o o o 

°u 
' i 

m 

.ss 
UJ I 

.M 

IS. 

o • • 

8C \fl 5 ro 

§§2 

. ,S 
i © o 

H a 

o 
s 

b M 
•d M «• w v/i o 
H- VO " 

vn 
o 

n 

. , I 5 •« B 

•p- -p- -p-

o o o • • • 
*r * - £-o o o 

°?s 
PS 

§ i 

U 1 _jJ v/i To UJUJ 

k ^ o v i 

.98 

8 5 . 

8. . 

V! 

O *> i 
** £ • c 1 
•- a 

ft s 
M 

U O J U ) OJ U J L O J ^ < ^ U > K A ^ U ^ C O 

0\ <J\C ON ON O l ON ON ON 

LA) CO <jU UJ UJ UJUJUJUJ 

. .I 

818 

O OD ;ss 

S 8 S o o o 

O O • 

H H O J H C D H 
ON ON ON O 

* - p -

^ l O W O D «*-88 r*- R *d ^ a 
• CD N 1 \ 

i*: 
<i UJ | 

. H H H ro ro 

8 8 8 8 

8 8 8 8 

8 8 8 8 

8 8 8 8 

8 8 8 8 

8 8 8 8 

8 8 1 8 

8 8 8 8 

& -P 

sr* 
B K B 

1 

mn *r ro 
~ u» 

o 

8 8 8 8 1 8 

^ U) 
tr *r fr 

o8g ^ • ° 
^ H ( • 
W V/l o 

vo " 
v/t 

o 

ro ro 
8 o 

8 8 ^£> 

,11 

f NJI v / i 
O O 

s. 

ON 
O 8 8 

\J1 ro o » • 

8-» > CO o ^ o I o 
W H ( • 
CO M O 
H - O f f 

o WS 

UJ 
L._ v/» H 
vn o 

*s w 

ro . s 

&G W c&W • o o o o o 

o o 

m 

ro ro 
8 o . 

UJ UJ 
\J\ —A 
O V I 

2 
• ^ 

: Bitf • o o 

UJ vo ->1 
U J *r * r v / l 

O O O 

o o • 

r f O 
rt> O 
•1 *1 

O 

Q H- (D O 
3 H >1 

M <1 

UJ 
ca 
CO 

3 A 
c* w 

- I 8" 
^?2 o. w i * 

& 

i6 
si 
i i 8 



18 

CJ h -
» O 
Crt 
r - t r 11 o R 

VP OJ g 
& <••*. O o g 
& r j c o 

r* 3 (t • r 'J »-• o l J - •1 o 
3 •— P r • 

• $ 3 
o • c 

LO ro UJ ro LO ro CO M 

3' • if • • • % • 
sr 
•1 • • ? • 

o c O © Q> O © © 
CO UJ u> u> co CO CO CO 

c 8 8 8 8 8 8 8 c 
•1 

•*3° 
•A *1 4» *? •fl3 * 

x>co 
O 

(J 
c* 

sc d 
c s W O ^ P o 3 a • v 
h— i ^ * 0 1 
3 »-'• 
• < H* 

P 3 
O • c 
~5 oT 

s § 
p. 

H 7 c ° g g 
6 
c 

9 6 
I* 
» 

J? si 
£ 
§ 

| 9 

^ CO I* 
A 

§ 

! § 

j? 
& JO 
e 8 

S 
« • 

A 

I 

I 
o 
R 

9Q ro tj- y>> I 



68 

V) 

u> ro h-

? ? if 
c? I? o 
u» ui u> 
8 8 8 

O O 
*rj 

o *=3 

llo |fo |M 

I * - I * - I -

iro |ro |io 

o o o 

o o o 

ho |vo ivo 

o o o 

|i\3 i w |ro 

I t - | t - |M 

CJ 
o 

UJ ro M U ) ro 
D* ? • • • • • 

<?> o <5 ca o a 
OJ yjJ> u> u> u> U ) 
8 8 8 8 o o 8 o O o o o 0 
* 1 *3 * 1 

" > o 

I I I 

I I I 

|\0 ho |VO 

H I—J l -J 

|ro iro |ro 

•a o 

o o o 

|fo |ro |to 

l - j 1-4 M 

o o o 

| H |M l i -

lt-' | l - | ( -

7? 
O ^ 
CI o w 
*5 o 

5 & 3 O 
H. Hj 
3 

?I 

$ 
& & 
9 
& 

III 
s: 
&• b 

a , 
s "* 

£\f\> 
O (JJ 

a§l 

S 

| 
§ 
I 
H 

3 



APPENDIX III 

ANALYSIS OF VARIANCE 

As previously stated, a large factorial design was employed in the research 
program. For the single-step sandwich, three factors were considered: mold 
pressure at two levels, 13 and 30 psi; mold temperature at four levels, 
160, 180, 200, and 230 degrees Fahrenheit; and post-cure time at two levels, 
2 and 3 hours. For the bare laminate, four factors were considered: mold 
pressure at three levels, 13, 30 and TO psi; mold time at two levels, 60 
and 90 minutes; mold temperature at four levels, 160, 180, 200, and 230 
degrees Fahrenheit; and post-cure at three levels, 1, 2, and 3 hours. 

The correspondence between the fabrication variables and the mechanical 
properties of these materials was determined according to the comon 
statistical method, analysis of variance. ̂  Significance of the variance 
at the 90-minute cure time was determined for ultimate compression strength, 
compressive modulus, core-to-facing bond strength, and resin content index 
in the case of the single-step sandwich; and for tension ultimate strength 
and modulus, compression ultimate strength and modulus, and resin content 
in the case of the bare laminate. The complete analysis for the single-
step sandwich compression ultimate strength is Included in this section 
as a s.-ample calculation, and for the other cases only the summary tables 
with a description of the conditions of analysis are presented. The 
latter includes the handling of missing data, the cross section of the 
experiment used, etc. 

1. Single-step sandwich, ultimate compressive strength, wet lay-up 
used directly. 

a. Experimental data used in the analysis: average values from 
Table 5-

TABLE 23 
SINGLE-STEP SANDWICH COMPRESSIVE STRENGTH* 
DATA USED IN THE STATISTICAL ANALYSIS 

Cure Temperature 
Cure 

Pressure 
Post Cure 

Time @ 300°F 160°F I8O°F 200°P 230°F Sum 

10 psi 
2 hours 

3 hours 

28.8" 

27.2 

26.7 

26.6 

21?. 0 

26.6 

26.1 

27. U 

lou.a 

107.8 

30 psi 
2 hours 

3 hours 

29.3 

27 7 

28.3 

28.1 

28.6 

29-U 

27-fc 

29.9 

113.6 

115.1 

Sum 112.2 109.7 112.6 110.8 W5.3 

*Ectim.'ited value: dntn from panels which exceeded U0$ resin content 
hnve been excluded from this tvnalysls. Replicate used In other cr.ses. 

references 1 and U. 86 



b. Analysis tables. 

Correction to mean squares = (445-3)2 = 12,393 26 
15 

Overall sum of squares = 17-93 

TABLE 24 
SINGLE-STEP SANDWICH ULTIMATE COMPRESSIVE STRENGTH, 

TV/0-WAY TABLE OF SUMS FOR THE FACTORS TEMPERATURE AND PRESSURE 

Cure Temperature 
Cure 

Pressure l60°F 180°F 200°F 230°F Sum 
10 psi 55-2 53-3 54.6 53-5 216.6 

30 psi 57.0 56.4 58.0 57.3 228.7 

Sum 112.2 109.7 112.6 110.8 445.3 

TABLE 25 
SINGLE-STEP SANDWICH ULTIMATE COMPRESSIVE STRENGTH, 

ANALYSIS OF VARIANCE TABLE FOR THE FACTORS TEMPERATURE AND PRESSURE 

Source of Variation 
Sum of 
Squares 

Degrees 
Freedom 

Mean 
Squr re 

Temp. - Main Effect 1.32 3 0.44 
Press. - Main Effect 9.14 1 9.14 
Temp, x Press. Interaction 0.57 3 0.19 

Total 11.03 

B? 



TABLE 26 
SINGIE-STEP SANDWICH ULTIMATE COMPRESSIVE STRENGTH, 

TWO-WAY TABLE OF SUMS FOR THE FACTORS TEMPERATURE AND POST-CUTS TIME 

Cure Temperature 
Post Cure l6o°F lflO°F 200°F 230°F Sun 
2 hours 57.3 55.0 56.6 53-5 222. k 
3 hours 5^9 5̂ -7 56 0 57-3 222.9 

Sum 112.2 109 7 112.6 110.8 UU5.3 

TABLE 27 
SINGI£-STEP SANDWICH ULTIMATE COMPRESSIVE STRENGTH, 

ANALYSIS OF VARIANCE TABID FOR THE FACTORS TEMPERATURE AND POST-CURE TIME 

Sun of Degrees Mean 
Source of Variation Squares Freedom Square 
Temp. - Main Effect I.32 3 
Post-Cure - Main Effect 0.01 l o!oi 
Temp, x Post-Cure Interaction 5.15 3 ^72 

Total 6.i*8 
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TABLE 28 
SINGLE-STEP SANDWICH ULTIMATE COMPRESSIVE STRENGTH, 

TOO-WAY TABLE OF SUMS FOR THE FACTORS PRESSURE AND POST-CURE TBIE 

Cure Time 

Cure Pressure 2 hours 3 hours Sum 

10 psi 108.8 107.8 216.6 

30 psi 113.6 115.1 228.7 

Sum 222. k 222.9 

TABLE 29 
SUIGI£-STEP SANDWICH ULTEIATE COMPRESSIVE STRENGTH, 

ANALYSIS OF VARIANCE TABLE FOR PRESSURE AND POST-CURE TIMS 

Sum of Degrees Mean 
Source of Variation Squares Freedor, Square 

Press. - Main Effect 9.1U 1 9.1^ 
Post-Cure - Main Effect 0.01 1 0.01 
Press, x Post-Cure Interaction O.ilO 1 o.ko 

Total 9.̂ 5 

89 



TABLE 30 
SINGLE STEP SANDWICH ULTIMATE COMPRESSIVE STRENGTH, 

ANALYSIS OF VARIANCE SUW1ARY FOR VET LAY-UP 

Sum of Degrees Mean Variance 
Source of Variation Squares Freedom Square Ratio 
Temp. Main Effect 1-32 3 O.UU 
Press Main Effect 9-lU 1 9.1U 20.3* 
Post-Cure Main Effect 0.01 1 0.01 
Temp, x Press. Interaction 0.57 3 0.19 
Temp, x Post-Cure Interaction 5-15 3 1 72 3.82 
Presp. x Post-Cure Interaction O.UO 1 o.uo 
Error l-3*» 3 

Total 17.93 

*Significuit at the 95̂  level. 

Single-step sandwich ultimate compressive strength, 10-hour B-staged 
lay-up used. 

a. Experimental data used in the analysis: average values from Table 5. 

b. Value for 30 psi, 3-hour post-cure, and 230°F estimated to be 29.0. 

c. Pressure post-cure interaction assumed to be nonexistent ana, 
therefore, included in estimate of experimental error. 

TABLE 31 
SINGI£-STEP SANDWICH ULTIMATE COMPRESSIVE STRENGTH. 

AWALYSISOFVARIAHCESlJWiARY FOR 10-H0UR B-STAGED LAY-UP 

SUB of Degrees Mean Variance 
Source of Variation Squares Freedom Square R.tlo 
Temp. - Main Effect 63.13 3 21. OU 10 90* 
Press. - Main Effect 3.06 1 3.06 1.59 
Post-Cure Main Effect 1.21 l 1.21 
Temp, x Press. Interaction 8.31 3 2.10 1.09 
Temp, x Post-Cure Interaction 3.57 3 1.19 
Error 7.72 k 1.93 

Total 87.00 

•Significant at the 95$ level. 
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L'jninate ultimate compression strength, vet lay-up used circctly. 

a. Experiment.-51 data used in the analysis: average vnlues fron; 
Table 10. 

b. 18O°F temperature level not included in this analysis 

TABLE 32 
LAKXKATT COMPRESSION ULTIMATE STREHCTH, 

AKALYSIS OF VARIAHCE SUWABY FOR WKT LAY-UP 

Sun of Degrees Mean Variance 
Source of Variation Squares Freedon Square Ratio 
Tenp. - Main Effect 996,85V 2 l»99,U27 222.66J 
Press. - Main Effect 258,503 2 129,252 57.62 
Poet-Cure - Main Effect 9,29V 2 k,6k7 2.07. 
Tenp. x Press. Interaction 1,195,072 k 597,536 226.kO 
Tenp. x Poet-Cure Interaction 10,870 k 2,718 1-21 
Press. x Post-Cure Interaction 3V,902 k 8,725 3-89* 
Error 17,9̂ 0 8 2,2k3 

•Slpilflcant at the 99f level. 
•Sl^ilficant at the 95% level. 

Laminate compression modulus, vet lay-up used directly. 

a. Experimental data in the analysis: average values fron. Tnble 11. 

b. l80°F temperature level not included in this analysis. 

c. Pressure post-cure Interaction assumed to be nonexistent and, 
therefore, included in estimate of experimental error. 

d. Value for 30 pel, l60°F, end 1 hour of post-cure estimated to bo 
3-05. 

TABU 33 

AMALISIS or VAEIAECE SUmUKt FOB Wt LAY-UP 
Sua of Degrees Keen Variance 

Swct of Variation Squares Freedon Square Ratio 
i. - Main Effect 32,3̂  2 16,170 161.70* 

~ * Ik,857 " Mnln Effect lk,857 2 7,k29 7k.29̂  
Poet-Cure - Mala Effect 1,171 2 586 5.86J 
tap. x Press. Interaction 20,683 k 5,171 51.71 
tap. x Poet-Cure Interaction 959 k 2kO 2.kO 
Error 1,207 12 100 

Total 71,217 

*Sl0ilflcant at the 99# level. 
+Sl0ilflcaiit at the 9511 level. 
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Laminate compression ultimate strength, 10-hour B-staged lay-up used. 

a. Experimental data in the analysis: average values from T;jble 12. 

b. 10-psi pressure level not included in this analysis. 

c. Pressure post-cure interaction included in estimate of experimental 
error. 

TABLE 34 
LAMINATE COMPRESSION ULTIMATE STRENGTH, 

ANALYSIS OF VARIANCE SU»tA?v FOR 10-H0UR B-STAGE LAY-UP 

Stan of Degrees Mean Variance 
Source of Variation Squares Freedom Square Ratio — m — 
Temp. - Main Effect 382,623 3 127,5*1 10.05 
Press. - Main Effect 693 1 °93 
Post-Cure - Main Effect 13,586 2 V'^2,? , ~ • 
Temp, x Press. Interaction 162,222 3 5'0Il* '̂-j1 
Temp, x Post-Cure Interaction 376,681 6 62,78k 5.2b 
Error 95,827 8 11,978 

Total 1,031,632 

•Slff i lf icant at the 990 level. 
+Sl0ilflcant at the 95^ level. 

L'jninate compression modulus, 10-hour B-staged lay-up used. 

a. Experimental data in the -.nalysis: average values from Table 13. 

b. 10-psi pressure level not included in t h i s analysis . 

TABI£ 35 
LAMINATE COMHIESSION MODULUS, 

ANALYSIS OF VARIANCE SUWARY FOR 10-H0UR B-STAGED LAY-UP 

Sum of Degrees Mean Variance 
Source of Variation Squares Freedom Square Ratio 

Temp. - Main Effect 17,187 3 5,729 19. >»2! 
Press. • Main Effect U, 052 1 U,082 13.8U* 
Post-Cure - Main Effect 88 2 1ik -
Temp, x Press. Interaction 7,̂ 56 3 2,1*85 B.h2* 
Temp, x Post-Cure Interaction 1,537 6 256 -
Press, x Post-Cure Interaction 103 2 52 -
Error 1,771 6 295 

Total J2,22k 

•Significant at the 99f> level. 
•Significant at the 95# level. 
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7- Laminate tension ultimate strength, wet lay-up used directly. 

a. Experimental data in the analysis: average values from Table Ik. 
o 

"b. lBo F temperature level not included in this analysis. 

c. Pressure post-cure interaction nssumed nonexistent and, therefore, 
Included in estimate of experimental error. 

TABLE 36 
LAMINATE TBJSION ULTIMATE STRENGTH 

ANALYSIS OF VARIANCE SUWARY FOR V/ET UY-UP 

Sum of Degrees Mean Variance 
Source of Variation Squares Freedom Square Ratio 
Temp. - Main Effect 1*99-39 2 2U9 69 9.29* 
Press. - Main Effect 2.̂ 3 2 1.21 • 
Post-Cure - Main Effect 1*7.22 2 23-Ul . 
Temp, x Press. Interaction 173- 71* 1* 3̂-̂ 3 1.62 
Temp, x Post-Cure Interaction 119.7: 1* 29.9̂  1-31 
Error 322.50 12 

Total 1,16503 

*Si©i i f i can t a t the 95* l eve l . 

8. Laminate tension modulus, vet lay-up used directly. 

a. Experimental data in the analysis: average values from Table 13. 
. o 

b. 180 F temperature level not Included in this analysis. 

c. Pressure post-cure interaction assumed nonexistent and, therefore, 
Included in estimate of experimental error. 

TABI£ 37 
LAMINATE TEKSION MODULUS, 

/UjALYSIS OF VARIANCE SUWARY FOR WET LAY-UP 

Sun of Degrees Mean Variance 
Source of Variation Squares Freedom Square Ratio 
Temp. - Mnin Effect 9,263 2 1»,632 22.U<f 
Press. . Main Effect 1,106 2 553 2.68 
Poet-Cure - Mnin Effect 155 2 78 -
Tenp. x Press. Interaction 9,166 h 2,292 11.13* 
Temp x Post-Cure Interaction 699 U 175 
Error 2,U67 12 206 

T0t.1l 22,856 

*Sl0ilfic.'jit at the 99$ level. 
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9- Laminate tension ultimate strength, 10-hour B-staged lay-up used. 

a. Experimental data in tha analysis: average values from Table 16. 
o 

b. 160 F temperature level not included in this analysis. 

c. Pressure post-cure interaction included in estimate of experimental 
error. 

TABLE 38 
LAMINATE TENSION ULTIMATE STRERGTH, 

ANALYSIS OP VARIANCE SWMARY FOR IO-BOUR B-STAGED LAY-UP 

Source of Variation 
SUB of 
Squares 

Degrees 
Freedcn 

Mean 
Square 

Variance 
Ratio 

Tesrp. - Main Effect 
Press. - Main Effect 
Post-Cure - Main Effect 
Temp, x Press. Interaction 
Tenp. x Post-Cure Interaction 
Error 

0.30 
387.7>* 

5.22 
173-86 

1 0 . 2 2 
33.80 

2 
2 
2 
k 
k 

12 

0.15 
193-87 • 

2.61 
U3A9 
2.55 
2.82 

68.75* 

1 5 - ^ 

Total 611.1U 

*Slpi l f ica i i t at the 9St l eve l . 

10. Laminate tension modulus, 10-hour B-staged lay-up used. 

a. Experimental data in the analysis: average values from Table 17. 

b. 10-pel pressure level not Included In this analysis. 

c. Pressure post-cure interaction Included in estimate of experimental 
error• 

d. Value for 70 pel, l60°F, and 1-hour post-cure estimated to be 2.52. 

TABU 39 
LAKDIATK TBISIOV MODULUS. 

AMAIYTIb OF VAHIAIC1 SUtKWY FOR 10-BQUB B-STAG1D LAY-UP 

SIB of Degrees Mean Variance 
Source of Variation Sciuares Freedcn Square Ratio 
Temp. - Main Effect 8,959 3 8,986 31-10* 
Press. - Main Effect 2oU 1 20k 2-13 
Poet-Cure - Main Effect 2Ul 2 121 1.26 
T«ap. * Press. Interaction 3,907 3 1,308 13.56* 
Tcap. 1 Poet-Cure Interaction 889 6 lb8 1.5k 
Error 770 8 96 

Total 970 

'siyilflcant at the 990 level. 
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